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1. UVOD

V soucasné dobé dochazi v medicin€ k velkému rozvoji molekuldrné genetickych
technik. které vyznamné pomahaji objasniovat pfi¢iny vybranych nemoci. U nékterych chorob
je geneticky podklad jiz dobfe znam. Jedna se predev§im o monogenné podminéna
onemocnéni. Bohuzel u fady onemocni zistava jejich geneticka pfiina stile neznama.
Nejvétsi skupinu tu tvofi tzv. komplexni nemoci, kde se na vzniku a rozvoji onemocnéni
podileji jak faktory genetické tak negenetické. K témto chorobam patii napi. aterosklerosa,
diabetes mellitus, orofacialni rozstépy, preeklampsie, defekty neurdlni trubice a mnohé jiné.
Komplexni onemocnéni jsou zdvaznym zdravotnim a socidlnim problémem ve vyspélych
zemich. Objasnéni vSech rizikovych faktorl je vénovana velka pozornost, protoZe pti znalosti
téchto faktort se nabizeji moznosti u¢inné prevence a 1écby.

V poslednich letech byly publikovany studie o vlivu zvySené hladiny homocysteinu
pii rozvoji nékterych komplexnich nemoci a metabolismu homocysteinu. Této aminokyseling
je vénovana velkd pozornost jak na biochemické tak na molekularni urovni. V databazi
Medline je k dubnu r. 2007 uloZeno vice jak 12,5 tisice ¢lankd. Vztah odborné vefejnosti k
homocysteinu prochazi vyvojem typickym pro mnoho dalSich poznatki; od nekritického
piijimani, pfes vasnivé odmitani, po snad jiz nyni zietelnéjsi zaclenéni homocysteinu mezi
faktory, které spojuji slozité jevy interakci genetického pozadi jedince a zevniho prostiedi.
Cilem mé prace bylo ziskat nové poznatky faktorech ovlivilujicich metabolismus

homocysteinu s ohledem na vznik n¢kterych komplexnich nemoci v ¢eské populaci.



1.1 HOMOCYSTEIN - OBECNA CAST

Homocystein je neesencialni ctyfuhlikatd sirnd aminokyselina s thiolovou funkéni
skupinou, kterd v organismu vznika pii metabolismu methioninu v tzv. methioninovém cyklu
[1]. Byla objevena vroce 1932 de Vigneaudem, ale vetsi pozornost klinikli si ziskala az
pozd¢ji, vroce 1962, kdy bylo popsdno onemocnéni spojené s vysokou plazmatickou
hladinou homocysteinu a jeho nadmérnym vylu¢ovanim moci. Tato nemoc byla pojmenovéana
homocystinurie [1]. Jde o onemocnéni s autozomalné recesivni dédicnosti, podrobnéji bude
probrano dale. V roce 1969 popsal cévni komplikace u této choroby jako prvni McCully [2].
Nésledné¢ experimenty na zvifatech potvrdily aterogenni vlastnosti vysokych davek
homocysteinu [3]. Homocystein vSak nebylo mozno tehdy dostupnymi technikami u ¢lovéka
stanovit. Az koncem 70. let se objevily metodiky umoznujici stanoveni tzv. celkového
homocysteinu.

Velkého zajmu odborné vetejnosti se pak homocystein dockal v poloving 90. let, kdy
byly publikovany cetné studie a rozsahlé meta-analyzy [4, 5], podle nichz jiz pouhé mirné
zvySeni  koncentrace  celkového  homocysteinu v krvi  asociovano s vyskytem
aterosklerotickych zmén v tepnach se vSemi jejich dusledky: ischemickou chorobou srdecni
(ICHS), cévnim onemocnénim mozku (CMP), ischemickou chorobou dolnich koncetin
(ICHDK) a opakovanymi zilnimi tromb6zami u dospélé populace [4, 6]. Pozdéji ptibyly
studie o kauzalit¢ zvysené hladiny homocysteinu s defekty neurdlni trubice [7, 8], o
souvislosti s n¢kterymi komplikacemi v téhotenstvi — opakovanymi spontdnnimi potraty,
abrupcemi placenty [9, 10] preeklampsii [11] a rozS§tépovymi vadami obliceje [11, 12].

Kromé studii, které homocystein zafazovaly mezi novy nezavisly rizikovy faktor pro
aterosklerosu, podobny jako hypercholesterolemie, se zaCaly vroce 1998 [13] objevovat
nazory, ze zvysena hladina homocysteinu neni vyvolavajici pfi¢inou aterosklerosy, ale jen
sekundarnim projevem pfi aterosklerotickém procesu. V souCasné dobé je vSak znovu
pfijiman nazor o mozné kauzalité zvySené hladiny homocysteinu a aterosklerosy, stejné tak
jako jeho spolutcast pti rozvoji nékterych komplikaci v t€hotenstvi.

Prvni ptfehledné clanky cCeskych autorti vénované této tématice byly publikovany
v roce 1996 [14, 15]. Byla ptfedstavena homocysteinova teorie aterosklerosy, jak ji publikoval
McCully, a shrnuty vybrané studie o hyperhomocysteinemii jako rizikovém faktoru ICHS,
ICHDK, CMP a defektl neurdlni trubice. Byly zde pfedstaveny moznosti ovlivnéni

homocysteinu vitaminoterapii a dietnimi opatienimi.



Od roku 1997 bylo publikovano mnoho klinickych studii provadénych u pacientl
s ICHS, ICHDK ¢&i u gravidnich zen z Ceské republiky; vysledky studii potvrzovaly zavéry
zahrani¢nich studii o kauzalit¢ zvySené hladiny homocysteinu u téchto vybranych
onemocnéni [16-24]. Dale byly publikovany piehledné ¢lanky o vztahu homocysteinu
k vybranym nemocem, rizikovych faktorech pro vznik mirné hyperhomocysteinemie i
moznostmi jejiho ovlivnéni [25-27].

V Zadné studii publikované do doby zadéani tématu dizertacni prace, tj. do roku 1998,
nebylo délano molekularné genetické vySetfeni genli pro enzymy zapojené v metabolismu
homocysteinu u ¢eskych pacientt a zdravych kontrol, ackoli u nékterych byl diskutovan jejich
mozny vliv. Zaroven nebylo znamo rozlozeni hladin aminothioli u pacientti s aterosklerosou
a zdravych kontrol v ceské populaci, ucinnost vitaminoterapie pii modulaci mirné
hyperhomocysteinemie; nebyl vypracovan protokol pro methioninovy zatézovy test. Bylo
velmi malo informaci o prevalenci polymorfismi v jednotlivych genech dulezitych pro
metabolismus homocysteinu a dilezitosti vitaminii pro tyto reakce. U gravidnich Zen byly
popsany pouze zmény v hladiné homocysteinu béhem gravidity, ale o dynamice ostatnich
amonothiold informace chybély. Vysledky studii o genetickych faktorech spoluptisobicich pfi
vzniku defektd neurdlni trubice ¢i rozstépu patete, kde byva také nalézana zvySena hladina
homocysteinu, byly rozporuplné.

Védecké poznatky o vlivu homocysteinu se od té doby vyrazn€ posunuly. Nyni je
vétSinové pfijiman nazor o vztahu zvySené hladiny homocysteinu a aterosklerosy, jeho
spolupiisobeni pii rozvoji preeeklampsie. V etiologiii rozstépovych vad je predpokladana
geneticky podminéna porucha folatového metabolismu, jejimz dikazem je u¢inna prevence
téchto vad zvySenym piijmem folatl. VétSina studii je nyni zamétfena na molekulérni podstatu
plsobeni homocysteinu. Obecné je uznavan vliv genotypu na rozvoj téchto komplexnich
nemoci, stejné tak jako moznost ovlivnéni nékterych geneticky danych rizikovych

predispozici ovlivnénim ostatnich rizikovych a protektivnich faktort.



1.2 METABOLISMUS HOMOCYSTEINU

Homocystein je sirnd aminokyselina vznikajici pfi katabolismu methioninu v tzv.
methioninovém cyklu [1]. Methioninovy cyklus je ubikviterni biochemicka reakce, ktera
probiha ve vSech bunkach organismu (obr. 1). Za nejvyznamnéjsi latku celého
methioninového cyklu je povazovan S-adenosylmethionin (AdoMet). Tato latka vznika
v prvni polovingé cyklu pfi pfeméné methioninu na homocystein. AdoMet je zdrojem
methylové skupiny v celé tad¢é transmethylacnich reakci (methylace DNA, RNA, syntéza
proteindi, lipidli). S-adenosylmetionin je dale pfeménén demethylaci na S-
adenosylhomocystein (AdoHcy), naslednou hydrolyzou AdoHcy vznika homocystein. Takto
vznikly homocystein se ocita na kiizovatce dvou metabolickych cest - bud’ bude remetylovan
zpét na methionin, nebo bude preménén na cystathionin a dale na cystein, taurin a
anorganicky sulfat v transsulfuracni cest¢.

Tyto dvé metabolické cesty se vyuzivaji pii zpracovani homocysteinu tak, aby
koncentrace S-adenosylmethioninu jako dilezit¢tho donoru methylu byla udrzovdna ve
fyziologickém rozmezi [1]. Za béznych podminek je latkové mnozstvi homocysteinu
prochdzejiciho transsulfuracni a remetylani cestou zhruba stejné. Pii zvySené hladiné
homocysteinu (napt. po poziti potravy) je odbourdvani homocysteinu zvySené, a naopak — pii
snizeni koncentrace homocysteinu dochazi k intenzivngj$i remethylaci homocysteinu na
methionin v druhé cesté. Remethylace homocysteinu probihda ve vsSech tkanich, ale

transsulfuracni reakce homocysteinu je vyhradné v pankreatu, jatrech, ledvinach a CNS.



Obr.1 Metabolismus methioninu, homocysteinu a folatt

SERIN

TETRAHYDROFOLAT METHIONIN\

S-ADENOSYL
GLYCIN DIMETYLGLYCIN -METHIONIN
5,10-METHYLEN- MTR
TETRAHYDROFOLAT BHMT
MTRR
E— -ADENOSYL
BETAIN S C
el HOMOCYSTEIN
5-METYL-TETRA-
HYDROFOLAT buiika
A
R HOMOCYSTEIN
/ SERIN
’ CBS K
5-METHYL-TETRA-
HYDROFOLAT cirkulace
CYSTATIONIN
A
FOLH1
5 CYSTEIN TAURIN
5-METHYL-TETRA- <~ PYRUVAT
HYDROFOLAT stievo
PROTEINY
GLUTATHION

Obriazek 1: Schéma metabolismu homocysteinu. Zluté ovalky predstavuji enzymy a oranzové
ovalky jejich kofaktory. BHMT, betain-homocysteinmethyltransferasa; CBS, cystathionin-f3-
synthasa; CTH, cystathionin-y-lyasa; FOLH]1, folathydrolasa; MTHFR, 5,10-
methylentetrahydrofolatreduktasa; MTR, methioninsynthasa; MTRR, methioninsynthasa-
reduktasa; RFC, redukovany folatovy pienase¢; SHMT, serin-hydroxymethyltransferasa; B6,
pyridoxal 5’-fosfat; B12, methylkobalamin; B2, riboflavin

Remetylace
Pfi remetylaci se homocystein méni zpét na methionin, ¢imz je methioninovy cyklus
uzavien. Remetylace je komplexni déj, ktery katalyzuji dva enzymy: methionin syntasa a

betain methyltransferasa.



Pti  tzv.  ,klasické“ remetylacni cest¢ je donorem methylové skupiny 5-
methyltetrahydrofolat. Tato reakce je propojena s metabolismem folatd (obr. 1, leva ¢ast). Pro
dostatecnou aktivitu reakce je potiebna dostatecnd dostupnost kofaktord, kterymi jsou v této
komplexni enzymatické reakci kyselina listova jako prekursor tetrahydrofolatu, vitamin B2
jako kofaktor 5,10-methylentetrahydrofolat reduktasy, vitamin Bg (ve formé pyridoxal 5°-
fosfatu) jako kofaktor serin hydroxymethyltransferasy (katalyzuje pfeménu THF na 5,10-
methylentetrahydrofolat) a methylkobalamin jako kofaktor methioninsyntasy [1]. O vztahu
vyse uvedenych vitaminti k methioninovému cyklu bude pojednano v samostatné kapitole.

Druha cesta je betain: homocystein methyltransferasova reakce. Tato reakce vyuziva

jako donor methylové skupiny betain a je omezena pouze na hepatocyty [1].

Transsulfurace

Transsulfurace je jedinou cestou katabolizmu sirnych aminokyselin na jednodussi
slouceniny, které plni dilezité fyziologické funkce anebo jsou z organizmu vylouceny.
Transsulfurace je dvoufdzovd reakce. Prvnim krokem transsulfurace je kondenzace
homocysteinu se serinem za vzniku cystationinu. Druhym krokem je rozStépeni cystationinu
na cystein a a-keto butyrat. Prvni krok je katalyzovany cystationin -syntasou (CBS), druhy
krok cystationin y-lyasou (CTH). Kofaktorem pro oba enzymy je pyridoxal 5’-fosfat [1].

Pii transsulfuraéni reakci vznikd cystein a diky tomuto moZznému vzniku v
transsulfuracni cesté¢ neni cystein na rozdil od methioninu esencidlni aminokyselinou. U
novorozencli je vSak aktivita cystationin y-lyasy nedostateCna, proto je cystein pro
novorozence esencialni aminokyselinou [1, 28]

Cystein se témer ze tfi Ctvrtin metabolizuje na glutathion, ktery se velmi vyznamné
podili na udrzovani intracelularniho redox potencidlu a na detoxikacnich reakcich. VétsSina
zbyvajiciho cysteinu se metabolizuje na cysteinsulfat, ze kterého vznikd prevazné sulfat a
pyruvat, a v mens$i mife na taurin, ktery vykazuje rovnéz antioxidacni i detoxikacni vlastnosti
a je dulezity pro vznik a pfenos nervovych vzruchii — v souladu s tim je koncentrace taurinu v
mozku a myokardu vysoka. Sulfat je potfebny pro fadu biologicky dulezitych pochodt, jako
je detoxikace (konjugaci snizuje toxicitu xenobiotik, zvysuje jejich rozpustnost a vyluCovani),

biosyntéza steroidl a posttranslacni upravy (napf. sulfatace glykoproteint) [29].
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Hladina homocysteinu v krvi

Cast Hey vznikajiciho v buiikich je exportovana do extraceluldrniho prostoru, proto
mizeme vyuzit méfeni koncentrace Hcy v plazmé k posouzeni jeho metabolismu.
Homocystein se v krvi vyskytuje v nékolika formach [30]. Nejvetsi ¢ast, asi 70% celkového
homocysteinu v plazmé, ptipadd na homocystein vazany disulfidickymi mistky na cysteinové
zbytky plazmatického albuminu [31, 32]. Pfiblizn€ 10 — 30% celkového homocysteinu v
plazmé pfipada na oxidovanou formu homocysteinu, tj. homocystin a smiSené disulfidy
homocystein-cystein, homocystein-glutathion a homocystein-cysteinylglycin.  Volny
redukovany homocystein piedstavuje nejvzacnéjsi formu — méné nez 1% celkového
homocysteinu v plasmé. Terminu homocystein, pokud neni blize specifikovan, se uziva pro

celkovy homocystein (tj. vS§echny fmy homocysteinu dohromady).

Pro stanoveni koncentrace homocysteinu se pouziva plazma odebrand nala¢no nebo se
vyuziva methioninovy zatézovy test. Tento test je zalozen na stanoveni hladin metabolitt
methioninového cyklu pfed a po zatézi organismu methioninem. K zatézi se obvykle pouziva
davka odpovidajici nékolikadennimu pfijmu methioninu v potravé (100mg/kg), je vSak
aplikovana jednorazové po dvanactihodinovém no¢nim la¢néni. Krev na stanoveni
homocysteinu (a pfipadné¢ dalSich aminothioltl) se odebird nala¢no, 4 — 6 hodin po
methioninové zatézi. Methioninovy zatézovy test se vSak rutinné nepouziva, vyuziva se
pfedev§im ve studiich vénujicich se podrobnéji metabolismu homocysteinu v
epidemiologickych studiich. Fyziologicky se hladina la¢ného plazmatického Hey u dospélého
jedince pohybuje kolem 7 -15 pumol/l. Hyperhomocysteinemie pak byla Kangem [33]
rozdélena na mirnou (15 — 30 umol/l), stfedné tézkou (31 — 100 umol/l) a tézkou (nad 100

pmol/l).

Samotna koncentrace homocysteinu v plazmé je urCovana mnoha faktory. Mezi ty,
které nemtzeme ovlivnit, patfi genetickd vybava jedince, kdy varianty v genech kodujicich
enzymy v metabolismu homocysteinu a vitaminti ovliviiuji celkovy obrat v methioninovém
cyklu [34, 35]; jednotlivé geny a jejich polymorfismy budou probrany v samostatné kapitole.
Hladina homocysteinu se zvySuje s vékem [36], je ovlivnéna pohlavim - u muzl je vyssi nez
u zen [1, 36], dale je ovlivnéna hormonalné, kdy dochazi jednak k vzestupu plazmatické
koncentrace u zen po menopauze [1] a naopak k poklesu hladin v prabéhu fyziologického
té¢hotenstvi [36]. K ovlivnitelnym faktorim patii Zivotni styl, vyziva, ptidruzend celkova
onemocnéni jedince. Koncentrace homocysteinu se zvySuje s konzumaci kévy [37]a alkoholu

[38]. Stravovaci navyky pak ovliviiuji zasobeni organismu nékterymi vitaminy dilezité

11



v metabolismu homocysteinu [5, 37, 39]. Hyperhomocysteinemie je dale zplsobovana
dal$imi zevnimi vlivy jako je rendlni insuficience [40] nebo uZzivanim nékterych ¢kt jako

jsou napt. antiepileptika ¢i methotrexat [41].
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1.3 VITAMINY DULEZITE PRO METHIONINOVY CYKLUS

V metabolismu homocysteinu jsou dalezité nékteré vitaminy skupiny B, které slouzi
jako kofaktory enzymim v metabolismu homocysteinu. Jsou to: pyridoxalfosfat (vitamin B6)
pfi transsulfuraci a v metabolismu folatl, methylkobalamin (vitamin B12) a folaty pfi

remethylaci a riboflavin (vitamin B2) v metabolismu folata.

Vitamin B6

Je to termolabilni bezbarva latka, rozpustna ve vodé¢, citliva na alkalické prostiedi a k
UV paprskiim. Byl objeven v roce 1934 Paulem Gyorgyem. Vitamin B6 pifijimany v potravé
tvoii pyridoxinova tridda - pyridoxal, pyridoxin a pyridoxamin. Tyto slouceniny se
vstiebavaji v tenkém stieve prostou difuzi. Nejvice reaktivni forma, pyridoxal 5'-fosfat (PLP),
vznika fosforylaci pyridoxalu. Pyridoxal fosfat je soucasti enzymi, které se podileji na
dekarboxilaci a transaminaci aminokyselin, jako soucédst enzymu fosforylasy se ucastni
odbouravani glykogenu z jater, jakmile potiebuji svaly energii. Uastni se biosyntézy
koenzymu A, a tim i fady metabolickych reakci, jako je glykolyza, tvorba porfyrint s
inkorporaci zeleza do hemu. V metabolismu homocysteinu je PLP kofaktorem cystathionin-f3-
synthasy a cystathionin-y-lyasy. Daéle je kofaktorem serin-hydroxymethyltransferasy
v metabolismu jednouhlikatych sloucenin. Snizena hladina pyridoxal 5'-fosfatu byla popsana
v souvislosti s hyperhomocysteinemii [42]. Zadny vyznamny vliv podavani vitaminu B6 na
koncentraci homocysteinu u zdravych jedinct vSak nebyl prokdzan [43, 44].

Dutlezité zdroje tohoto vitaminu jsou maso, obili, ryby, mléko a luSténiny. Obecna
rizika nedostatku: skuteény nedostatek vitaminu B6 je v nasi ¢asti svéta vzacny, objevuje se
pouze u starSich osob. Projevuje se unavou, podrazdénosti, depresi, mize vést k vyrazkam,

zanétim sliznic ust a jazyka [45].

Vitamin B12

Chemicky se jedna o derivat korinu, je rozpustny ve vodé, obsahuje kobalt. Mlze byt
dlouhou dobu zahtivan pii 100°C , zejména v kyselém prostiedi, v zasaditém se nici rychleji.
Rozeznavame dvé formy - cyanokobalamin a hydroxykobalamin (ten je ucinnéjsi). Znamy
jsou dvé aktivni formy, na které se musi kobalaminy nachazejici se v potravé pfeménit, a to
deoxyadenosylkobalamin a methylkobalamin. Tento vitamin byl objeven v roce 1926 Dr.

Georgem R. Minotem a Dr. Wiliamem P. Murphym.
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Vitamin B12 je velkd molekula, ktera vyzaduje vlastni transportni mechanismy.
Resorpce ze stfeva je zajiStovana aktivnim transportem a vyZzaduje utvofeni komplexu
se zalude¢nim faktorem (gastric intrinsic factor). Pfenos v plazmé je umoznén pomoci tfi
kobalaminovych pfenaseci: transkobalamin I ma funkci kratkodobé zasoby kobalamint
v plazmé, transkobalamin II slouzi k distribuci kobalamint k aktivné se d€licim buitkam a
transkobalamin III ptenasi kobalaminy a jejich derivaty do jater, kde se bud’ skladuji, nebo se
zluci vylu€uji. Na§ organismus je vSak schopen velmi dobie regenerovat vitamin B12, a proto
jej ve stravé potfebujeme jen velmi malé mnozstvi. Tlusté stfevo obsahuje také bakterie, které
jsou schopny vitamin tvofit [45]. Zdrojem vitaminu jsou zejména jatra a jiné zivoc¢iSné
potraviny.

Aktivni formou vitaminu B12 je methylkobalamin, ktery v metabolismu homocysteinu
funguje jako kofaktor methioninsyntasy [1].

Etiopatogeneticky muze mit nedostate¢na dostupnost metylkobalaminu charakter
vrozeného nebo ziskaného onemocnéni, mezi jehoZz projevy patii neuropatie/myelopatie a
megaloblastickd anémie. V diferencialni diagnostice vrozenych poruch kobalaminového
metabolizmu je nutno vyloucit poruchy piijmu, absorbce a transportu kobalaminu:
nedostate¢ny piijem vitaminu B, (pfi pfisn¢ vegetarianské vyzive), deficit vnitiniho faktoru
pro absorbci (pii chronické gastritid€), poruchu absorbce kobalaminu enterocyty (resekce
rozsahlého tseku termindlniho ilea), poruchu proteind, které vazou cirkulujici kobalamin
(deficit transkobalaminu I nebo transkobalaminu II).

Podavani vitaminu B12 nema v bézné populaci takovy ucinek na snizovani hladiny
homocysteinu jako podavani folati, ale pti soubézné suplementaci zesiluje ucinek folatt [46]

[47].

Folaty — kyselina listova

Jde o latku ze skupiny B-vitamint, kterd ma vyrazné embryoprotektivni vlastnosti
[48]. Folat je termin uzivany pro derivaty sloucenin obsahujicich pterin navdzany na p-
aminobenzoovou kyselinu, kterda dale vaze glutamat. Tento vitamin je ve vodé rozpustny,
pomérn¢ termolabilni. Dilezité je, ze prochéazi snadno placentou. Kyselina listova je obsazena
predevsim v listové zeleniné (Spenat, brokolice, riZi¢kova kapusta). Je mozné fici, Ze ani pfi
vysokém piijmu neni tento vitamin toxicky a toto nadbytecné mnozstvi se snadno vylucuje
moci. Kyselina listova je velice dilezita u rychle se délicich bun€k (sliznice GIT, kostni dien,
vyvijejici se embryo), protoZze se podili na syntéze DNA (syntéza nukleotidll) a konverzi

nékterych AMK. N¢kdy se kyselina listova oznacuje jako vit. B9 [45]. NejvyznamnéjSim
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folatem v lidském organismu je methyltetrahydrofolat (5-MTHF), ktery je 1 donorem methylu

pti remethylaci homocysteinu na methionin [49].

Folaty se v pfirod¢ vyskytuji ve formé polyglutamatovych derivatd, které v zaludku
hydrolyzuje glutamatkarboxypeptidasa (nové nazyvana folathydrolasa) na monoglutamyl
folaty. Ty se vstfebavaji aktivnim transportem s vyuzitim redukovaného folatového
pfenasSece. Redukovany folatovy pienase¢ se podili 1 na transportu folatd z obéhu do bunék.
Zatimco hlavni transportni formou folath jsou monoglutaméatové derivaty (hlavné
methyltetrahydrofolat), uvniti bunky slouzi jako zasoba folatli polyglutamatové derivaty.
Polyglutamatové derivaty vznikaji z monoglutamatovych pomoci folylpolyglutamatsyntetasy

[50, 51].

Methyltetrahydrofolat je v organismu opétovné syntetizovan ve folatovém cyklu. Z 5-
MTHF vznika jako produkt methylacni reakce tetrahydrofolat (THF). THF je dale
metabolizovan za Ucasti serin-hydroxymethyltransferasy, a pii této reakci vznika 5,10-
methylentetrahydrofolat, ze kterého po redukci katalyzované 5,10-
methylentetrahydrofolatreduktasou opétovné vznikd methyltetrahydrofolat. Metabolismus
folatli je znazornén zelené na obrazku €. 1, leva ¢ast, spole¢né s metabolismem homocysteinu

[50].

Pfi poruseni propojeni foldtového a methionového cyklu (porucha methionin syntasy
v remethylacni cesté homocysteinu) dochazi k sekunddrnimu nedostatku tetrahydrofolatu
(THF) a ptebytku 5-MTHEF [1, 31, 52] a to ze dvou diivodii: ad a) 5,10-metylentetrahydrofolat
reduktasova reakce je pouze jednosmérna, tj. vznikly 5-MTHF se nemtlize metabolizovat zpét
obsazené¢ v 5-MTHF je pravé remethylace homocysteinu na methionin cestou methionin
syntasy, proto jeji deficit z jakéhokoliv diivodu se projevi i stagnaci premény 5-MTHF na
THEF. Tetrahydrofolat je nezbytny pro biosyntézu purini a pyrimidint, ¢imz Ize vysvétlit
rozvoj megaloblastické anémie pfi jeho deficitu — vaznouci replikace DNA pfi nedostate¢né
dostupnosti ptislusnych nukleovych bazi se nejvice projevi u bunék s rychlym délenim, jako

jsou praveé elementy hematopoesy [45].

Porucha metabolizmu folatd muize spocivat bud’ v jejich nedostupnosti (zejména pfi
nedostateCném piijmu stravou nebo pii nedostatecné absorbci folath v travicim traktu), anebo
v deficitu enzymi folatového cyklu (nejcastéji deficit MTHFR - viz kapitola Genetické

varianty v metabolismu homocysteinu a vitaminti) [51].

15



Jako prvni popsal asociaci mezi folaty a homocysteinem Kang [31], ten pozoroval u
jedincit s nizkou hladinou folath napadné zvySenou koncentraci homocysteinu. Nepiima
umeéra mezi koncentraci folatlh v séru a koncentraci homocysteinu byla popsana u zdravych
osob [32, 52], pacientd s ischemickou chorobou srdce [53, 54], starych lidi [52, 55] i déti [56].
Folaty jsou pfi ovlivilovani koncentrace homocysteinu povazovany za silnéjsi faktor nez
kobalamin, s v€kem se vSak vliv kobalaminu zesiluje [57]. Odpovéd organismu na
suplementaci folaty shrnuje meta-analyza [58], kterd ukazuje, Ze denni uzivani 0.5-5mg folath
snizuje hladinu homocysteinu o 25%. Dale ukazuje, Ze pfidani kobalaminu snizuje hladinu
homocysteinu o dalSich 7%, zatimco pfidani vitaminu B6 nema zadny dalsi efekt.
Nejvyznamnéjsiho snizeni hladiny homocysteinu po suplementaci folaty je dosahovdno u

jedincii s nizkou hladinou folatt a vyssi hladinou homocysteinu.
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14 GENETICKE VARIANTY V METABOLISMU HOMOCYSTEINU
A VITAMINU

Genu zapojenych v metabolismu homocysteinu je mnoho, stejné¢ tak genl pro
metabolismus vitaminii dulezitych pro spravny chod reakci. Vé&t§i pozornost vSak byla
nize.

Cystathionin-B-synthasa (CBS)

Gen pro cystathionin-B-synthasu je lokalizovan na chromosomu 21 a ma 23 exont.
Sekvence celého genu pro CBS je zndma od r 1998 [59]. Cystathionin beta-synthasa je prvni
enzym zapojeny v transsulfuraéni cest¢ homocysteinu, katalyzuje reakci, pii niz

z homocysteinu a serinu vznika cystathionin.

Nejvice studovany polymorfismus v genu pro CBS je inserce 68 paru bazi na zac¢atku
exonu 8 (844ins68bp) - byl popsan v roce 1996 [60]. Tato inserce duplikuje konec intronu 7 a
zacatek exonu 8, ¢imz vznikaji dvé sestfihova mista za sebou. Genetické studie vSak zjistily,
ze u jedincu s 844ins68 vznikajici mRNA z alely s inserci je stejnd jako mRNA z normalni
alely [61] a ptenaSeCi polymorfismu 844ins68 maji normalni aktivitu CBS [62]. Tato
geneticka varianta (inserce 68bp) je jedinym polymorfismem v genu pro CBS, kterému je
vénovana veétsi pozornost v souvislosti s hyperhomocysteinemii a komplexnimi nemocemi.
Vétsina studii neprokézala asociaci mezi 844ins68 variantou a hyperhomocysteinemii [63, 64]

nebo atherosklerosou [64, 65].

V kédujici oblasti genu pro CBS byly popsany dvé synonymni zamény, 699C>T
vexonu 6 a 1080A>C vexonu 10. Pfestoze byla popsana asociace téchto variant s nizsi
hladinou homocysteinu po zatézi methioninem[66], dalsi studie zadnou asociaci téchto

polymorfisml s koncentraci homocysteinu nenalezly [67, 68].

5,10-methylentetrahydrofolatreduktasa (MTHFR)
Gen pro methylentetrahydrofolatreduktasu je lokalizovan na kratkém raménku
chromosomu 1 a ma 11 exond. Methylentetrahydrofolatreduktasa katalyzuje redukeci 5,10-

methylentetrahydrofolatu na 5-methyltetrahydrofolat, ktery slouzi jako donor methylu pfi
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remethylaci homocysteinu na methionin. V tomto genu je nejvétsi pozornost vénovana

polymorfismu 677C>T , mensi pak polymorfismu 1298 A>C.

Varianta 677C>T v exonu 4 byla poprvé popsana v roce 1995 Frosstem [69], zaroven
byla popsana zvysSend termolabilita enzymu a asi 45% aktivita v lymfocytech TT
homozygotii. Mutace vede k nahrazeni alaninu valinem, ¢imz se narusi vazba kofaktoru a
dochazi ke snazsi disociaci enzymovych podjednotek tetrametru. Tato mutace je celkem Casta,
vykytuje se v homozygotni formé u 10% bélochi. Tento polymorfismus byl rozséhle
studovan pfi zkoumdani souvislosti mezi hyperhomocysteinemii a rizikem aterosklerosy,
hyperhomocysteinemii a vznikem defektd neurdlni trubice [70]. Asociace mezi 677C>T
variantou, zvySenou hladinou homocysteinu rizikem aterosklerosy byla opakované prokazana
[69, 71-73] a je vyraznéjsi u jedincii s nizkymi hladinami folatl. Naopak zvySené riziko
cévnich onemocnéni bylo prokdzino jen v nékterych studiich [71, 72]. Ani dvé dosud
provedené meta-analyzy [74, 75] nedaly jednozna¢nou odpovéd’, prestoze tyto studie
reanalyzovaly pomérné velké soubory kontrol a pacientli (~10.000 jedinci v kazdé meta-
analyze).

Druhy polymorfismus, 1298 A>C v exonu 7, byl poprvé popsan v roce 1998 [76, 77].
Homozygoti pro tuto variantu maji nizsi aktivitu enzymu v lymfocytech, kdy dochazi k
snizeni asi na 65% aktivity normalniho proteinu [77] [78]. Naopak termolabilita variantniho
proteinu prokdzdna nebyla [76]. Pro tuto variantu 1298A>C nebyla z4dna asociace

s koncentraci homocysteinu zjisténa [77, 79] a lze tedy pfedpokladat, Ze je funkéné neutralni.

Methioninsynthasa (MTR)

Gen pro methioninsynthasu leZi na dlouhém raménku chromosomu 1 a ma 33 exond,
poprvé byl popsan roku 1996 [80]. Methioninsynthasa katalyzuje remethylaci homocysteinu
na methionin. Pro tuto reakci je nezbytny methyltetrahydrofolat jako donor methylové
skupiny; zde dochazi k propojeni metabolismu homocysteinu s metabolismem folath - viz
obrazek. Jedinym studovanym polymorfismem je 2756A>G vexonu 26. Pozdéji byl
studovan v souvislosti s hyperhomocysteinémii u pacientil s rozst€épem neuralni trubice a
cévnim onemocnénim [70], kdy nebyla prokazana asociace ani s koncentraci homocysteinu,
ani s nékterym z uvedenych onemocnéni. Piedpoklada se proto, Ze se jedna o polymorfismus

s neutralnim efektem.
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Methioninsyntasa-reduktasa (MTRR)

Gen pro reduktasu methioninsynthasy lezi na kratkém raménku chromosomu 5 a ma
14 exonil, byl popsan v roce 1999 [9]. Methioninsynthasa-reduktasa je nezbytna pro obnovu
oxidované methionin synthasy - k této oxidaci dochazi po né¢kolika cyklech v oblasti
kobaltového kationu MTR. Jedinym studovanym polymorfismem je 66A>G v exonu 2. Tato
varianta byla spojovana se zvySenym rizikem rozStépu patete [81, 82], pozdé&jsi studie to vSak
nepotvrdila [83]. Tato gentickd varianta byla v jedné studii asociovand se zvySenym rizikem
ischemické choroby srdecni [84]. Rozdily v koncentracich homocysteinu pro jednotlivé

genotypy nebyly vyznamné [84].

Folathydrolasa (FOLH)

Gen pro folathydrolasu (diive nazyvana glutamatkarboxypeptidasa II) lezi na
chromozomu 11 a ma 19 exond. Foldthydrolasa katalyzuje hydrolytické Stépeni
polyglutamatovych derivati folath na monoglutamyl folaty, které jsou transportni formou
folatl. Jedinym polymorfismem objevujicim se v literatute je 1561C>T, ktery je lokalizovan
v udajné katalytické doméné proteinu [85]. Heterozygoti pro tuto variantu vykazovali
vyznamné nizsi koncentraci folat v séru a vyssi koncentraci homocysteinu oproti normalnim
homozygotiim [85]. Dalsi studie vSak tento nalez nepotvrdily a naopak prokézaly asociaci této
varianty s vysSi hladinou folati a nezménénou koncentraci homocysteinu [86, 87] nebo

nalézaly pouze nevyznamné asociace [88].

Redukovany folatovy prenase¢ (RFC)

Gen pro RFC byl lokalizovan na chromozomu 21. Tvofii jej 5 exonl, podrobné&ji byl
popsan r. 1995 [89]. Redukovany folatovy ptenase¢ slouzi jako transportér monoglutamyl
folath pres cytoplazmatickou membranu. Jediny publikovany polymorfismus 80G>A je
pravdépodobné neutralni, protoze dosud nebyla zadna asociace se zménou koncentrace
homocysteinu nebo folatl prokdzana [90, 91]. Byl studovan ve vztahu ke vzniku defektd
neuralni trubice, pfimy vztah prokazan nebyl, bylo vSak zjisténo zvysSené riziko vyskytu DNT
1 roz§tépl obliceje u osob s mutantni alelou, paklize matky téchto jedincti nemély dostatecny

piijem folati v ¢asném stadiu gravidity [92, 93].
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1.5 KLINICKE STAVY SPOJENE S HYPERHOMOCYSTEINEMI{

V nasledujici ¢asti jsou popsany dvé zakladni klinické skupiny, rozdélené podle
koncentrace homocysteinu v plazmé. U tézké hyperhomocysteinemie je koncentrace Hcy
meéiena nala¢no nad 100 umol/, u druhé skupiny, tzv. mirné hyperhomocystenemie (mHcy), je
koncentrace meéfend nalacno nad 15-30  umol/l.  Pravé problematice mirné
hyperhomocysteinemie je vénovana velka pozornost v souvislosti s patogenezi komplexnich

nemoci.

1.5.1 Tézka hyperhomocysteinemie

Zjisténi vysoké hladiny homocysteinu obvykle svéd¢i o homocystinurii u daného
jedince. Homocystinurie je dédi¢né autozomalné recesivni onemocnéni s enzymopathii v
transsulfuracni nebo remethylacni cest¢ methioninového cyklu. Homocystinurie zpusobena
poruchou trassulfuraéni cesty je nejcastéji disledkem deficitu cystathionin-f-synthasy (CBS).
Klinicky se tento defekt projevuje hlavné postizenim pojivovych tkani (subluxace nebo uplna
luxace oc¢nich CocCek, marfanoidni habitus a osteoporosa), cévniho systému (okluzivni
onemocnéni cév jak zilniho, tak tepenného feciSt€) a centrdlniho nervového systému
(mentalni retardace, epilepsie, psychosy, extrapyramidové jevy). Homocystinurie je délena na
pyridoxin-responzivni (mirnéj$i forma) a na pyridoxin-rezistentni (t€z8i forma). Progndza
pacientll s homocystinurii zavisi na vC€asné diagnostice zavedeni terapie (nizkoproteinova
dieta, podavani vitaminu B6 a betainu) [94]. Homocystinurie z deficitu CBS je autosomalné
recesivni onemocnéni s incidenci 1:58.000 — 1:1.000.000 v rGznych populacich [95].
Incidence homocystinurie pro Ceskou a Slovenskou republiku je 1:287.000 [96] a je

vypoctena na zéklad¢ selektivniho biochemického screeningu.

Homocystinurie z poruchy remetylaéni cesty miize nastat pfi deficitu folati a
kobalaminu, vtomto pfipadé dochazi k funkénimu deficitu aktivity enzymu methionin
synthasy, nebo pfi deficitu pfimo samotného enzymu methionin synthasy (MTR) ¢i enzymu
methionin synthasy reduktasy (MTRR). Pii primdrni poruse methionin synthasy dochazi
k sekunddrnimu nedostatku tetrahydrofolatu (THF) a ptebytku 5-MTHF [50, 97], viz také

kapitola Metabolismus vitamint.

Homocystinurie  z  poruchy  remethylace se  laboratorné¢  projevuje
hyperhomocysteinemii s hypomethioninemii. Mezi klinické projevy patii tézka

megaloblastickd  anémie a  pestrd  neurologickd  symptomatologie  (opozdéni
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psychomotorického vyvoje, epilepsie, ataxie, tonusové poruchy, atrofie CNS). Zasadnim

Iékem v terapii této formy homocystinurie je hydroxykobalamin a betain [1].

1.5.2 Mirna hyperhomocysteinemie

Mirn¢ zvySena hladina homocysteinu byla popsana u mnoha komplexnich nemoci jako
je napt. aterosklerosa [98-100], preeklampsie [11, 101, 102], nadorova onemocnéni [103,
104], a také u rodic¢t déti s defekty neuralni trubice nebo orofacialnimi rozstépy [10, 11].

Mirna hyperhomocysteinemie (mHcy) je biochemicky fenotyp, kdy je koncentrace
homocysteinu v krvi nad fyziologickym rozmezim, ale nedosahuje hodnot bézné nachazenych
u homocystinurie. Diskuse o tom, jakou hladinu homocysteinu v plazm¢ Ize povazovat za
dolni hranici mirné hyperhomocysteinemie, vSak doposud nebyla jednozna¢né uzaviena. Za
obecné nejpiijatelnéjsi Ize povazovat hladinu 15-16 pmol/l nalacno. Pti vyhodnoceni hladiny
homocysteinu v plazmé je nutno vzit do uvahy veék a pohlavi vysetfovaného jedince a dalsi
vlivy popsané v obecné ¢asti [1, 105].

Faktory zpusobujici mirnou hyperhomocysteinemii lze rozd€lit na exogenni a
endogenni (a jejich kombinace). Mezi exogenni se fadi deficit folatd, deficit vitamini B6 a
B12 jako kofaktorti enzymii methioninového cyklu a vedlejsi Uc¢inek néekterych latek:
metotrexatu (blok foldtového cyklu- obnovy THF) [106], azatioprimu (porucha funkce
vitaminu B6), oxidu dusného (pouzivaného pfi inhalacni celkové anestézii, inhibuje
methionin synthasu) [1]. Endogenni faktory zahrnuji vék, genotyp jedincti (varianty v genech
pro enzymy remethylacni a transsulfurac¢ni cesty i cyklu folatl) a nckterd onemocnéni:
atrofickou gastritidu s naslednym nedostatkem vitaminu B 12 [100, 107, 108] a rendlni
insuficienci [109]. Pfikladem kombinace exogennich a endogennich faktorti jako pficiny
mirné hyperhomocysteinemie je deficit folath u jedinct s TT genotypem v 677C>T varianté
genu pro MTHFR. Tato varianta vede k snizeni aktivity MTHFR, a tim vede k niz§i produkci

5-MTHF a zvysené potiebé€ piisunu folatl ve stravé u téchto osob [73].

1.5.3 Vztah komplexnich nemoci a mirné hyperhomocysteinemie

U chorob multifaktoridlni povahy je té¢zké najit jedinou pfic¢inu zodpovidajici za vznik
postizeni. V patogenesi téchto poruch hraji ulohu nejspisSe kombinace né€kolika neptiznivych
genetickych ~ variant s exogennimi  faktory. Hypotéza o vztahu mezi mirnou
hyperhomocysteinemii a nékterymi komplexnimi nemocemi je velmi aktuélni, doposud vsak

nebyla uzaviena diskuse o tom, jaky je vztah mirné hyperhomocysteinemie k vybranym
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komplexnim nemocem z pohledu kauzality. U mirné hyperhomocysteinemie v soucasné dobé
existuji ndzory, ze mHcy muze byt kauzalnim faktorem, ktery vede ke vzniku komplexnich
nemoci, jako napfiklad aterosklerosy [4, 5], ale i1 nédzory opacné, tj. ze mirna
hyperhomocysteinemie mtize byt i ptiznakem, ktery pouze doprovazi dané¢ onemocnéni, byt

se na ném nepodili kauzalné [13].

Obrazek ¢.2: Ptiklad predpokladaného vzajemného vztahu Hey a aterosklerosy

GEN \ 299 ATEROSKLEROSA

HOMOCYSTEIN

NEGENETICKE / ZANET A JINE PRIMARNI
FAKTORY PRICINY

Aterosklerosa je nejcastéjsi komplexni nemoci v nasi populaci. Je to proces, pfi
kterém dochazi k zanétlivé reakci endotelu a nasledné vzniku aterosklerotickych plati ve
sténach cév, ¢imz dochazi k okluzi lumina arterii [110]. Aterosklerosou jsou nejcastéji
postizeny cévy koronarni (ischemicka choroba srde¢ni, ICHS), cerebrovaskularni systém
(mozkova cévni choroba) a krevni feCist¢ dolnich koncetin (ischemicka choroba dolnich
koncetin).

Za rizikové faktory podporujici vznik aterosklerosy se standardné povazuje vék,
muzské pohlavi, hypertenze, hypercholesterolemie a diabetes mellitus. Déle k aterogenezi
prispiva nedostatek fyzické aktivity, koufeni a nevhodné stravovaci navyky, abdomindlni
obezita [110]. Vznik aterosklerosy zavisi ovSem i na faktorech podminénych dédi¢né [111],
coz potvrzuje i zvySené riziko aterosklerosy u jedincli s anamnézou piedCasné aterosklerosy

v rodin¢ [110] .

Je mnoho studii o vztahu aterosklerosy a mirné hyperhomocysteinemie; rizné
uspotadani a ztoho vyplyvajici rtizné vyhody a nevyhody pii celkovém hodnoceni.
Prospektivni studie o vztahu homocysteinu a aterosklerosy maji vyhodu vtom, Zze
koncentrace homocysteinu je méfend pied klinickymi projevy nemoci, ktera tudiz nemiize
sledované parametry ovlivnit. Ve vétsin€ studii s retrospektivnim designem byla nalezena
pozitivni asociace mezi koncentraci homocysteinu a cévnim onemocnénim [112-114], coz
ovSem muze byt zplisobeno i1 publika¢nim tlakem proti studiim bez prokdzané asociace [115].
U prospektivnich studii byla vyznamnda pozitivni asociace prokazéna pfiblizné v poloviné

znich [115-117] a je mnohem slabsi nez u retrospektivnich studii. Nékteré studie naopak
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ukazuji, Ze riziko vzniku aterosklerosy na koncentraci homocysteinu nezavisi a je asociované
spiSe s niz8i hladinou folatd [118, 119]. Pti zvyseni koncentrace homocysteinu o Sumol/l
naznacuji retrospektivni studie zvySeni rizika ICHS o cca 60%, zatimco prospektivni o cca

20-30% [120].

Nyni probihaji dalsi studie, které jsou zaméteny na klinicky korelat, tj. pfitomnost ¢i
nepfitomnost aterosklerosy u osob, kde bylo adekvatni lé€bou dosazeno snizeni hladiny
homocysteinu na dlouhodobou mortalitu a morbiditu. Vysledky velké Hordalandské studie
zahrnujici vice jak 7 000 jedinct ukazuji, ze zvySend hladina homocysteinu zvySuje jak
kardivaskuldrni morbiditu a mortalitu [121, 122], tak mortalitu na nekardiovaskularni pticiny
(pt. onkologicka onemocnéni) [121]. Recentni studie zabyvajici se u€innosti snizeni hladiny
homocysteinu vitaminoterapii u pacientil s prokdzanou aterosklerosou ukazuji, Ze tato 1écba
snizi hladinu Hcy [123, 124], ale nebylo pozorovano sniZeni rizika pro opakovani CMP,
infarktu myokardu, ¢i vyskytu nestabilni anginy pectoris [125, 126]. Naopak bylo
pozorovano, ze snizeni hladiny Hcy vrdmci primarni prevence aterosklerosy zvySenym
pfisunem kyseliny listové je efektivni, coZ dokazuje sniZena mortalita na CMP v zemich, kde

probiha fortifikace folaty [127].

Mozny mechanismus uc¢inku homocysteinu na cévni sténu byl studovan u pacientli
s homocystinurii, na zvifecich modelech, tkanovych kulturach i v in-vitro systémech. Za
patogenetické mechanismy hyperhomocysteinemie jsou povazovany napf. oxidativni stres
[128], poskozeni elastinu vcévni stené¢ [129], stimulace bunécné proliferace [130],
interference s metabolismem oxidu dusnatého v endotelu [131] a fada dalsich.

Samotné epidemiologické studie na Urovni metaboliti nejsou schopny zodpovédét
otazku kauzality, proto je v posledni dob& vice vénovdna pozornost genetickym a
enzymatickym studiim. Tyto studie jsou schopné pfispét k odliSeni primarnich kauzélnich
faktorti od sekundarnich jevii zptisobenych samotnou chorobou. Je-li aterosklerosa do urcité
miry zpusobovana zménami v metabolismu homocysteinu a je-li metabolismus homocysteinu
ovlivnén genetickymi faktory, méla by existovat asociace mezi aterosklerosou a témito
genetickymi faktory (obr. 3). Genetické studie zaméfené na prokazani asociace genetickych
variant v metabolismu homocysteinu s cévnimi onemocnénimi mohou ovéfit platnost teorie o

hyperhomocysteinemii jako rizikovém faktoru pro aterosklerosu.
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Obrazek €. 3: Vztah genetickych faktorti a komplexnimi nemocemi

GENY ™= ENZYMY ™=  METABOLITY ™= | \ippEXNi
NEMOC

NEGENETICKE FAKTORY

Pti studiu korelace variantniho genotypu a rozvoje cévniho onemocnéni byla
provedena rozsahlda meta-analyza [73], z niZ vyplynulo, ze TT homozygocie pro
polymorfismus 677C>T v genu pro MTHFR je spojend s hyperhomocysteinemii zejména pfi
snizené hladin¢ folath v krvi.

Dalsi studie byly provedeny u osob heterozygotti s deficitni CBS. Tyto studie
vychazely z predpokladu, Ze pokud homozygoti pro deficit CBS vykazuji tézkou
hyperhomocysteinemii a vyrazné¢ vyssi riziko cévnich nemoci, pak heterozygoti pro
homocystinurii by mohli mit sklon k hyperhomocysteinemii nebo cévnim nemocem. Zjistilo
se vSak, ze obligatni heterozygoti pro deficit CBS nevykazuji zvySené riziko rozvoje cévnich
okluznich nemoci [132].

Dalsi studie se zamétily na kombinaci mirné enzymatické abnormality v obou cestach
methioninového cyklu zaroven. Konkrétné se uvazovalo o TT genotypu pro MTHFR 677C>T
pfitomném zarovenl s heterozygocii pro polymorfizmus 844ins68 v exonu 8 genu pro CBS.
Prestoze pritomnost samotné heterozygocie pro 844ins68 v genu pro CBS neni spojena s
hyperhomocysteinemii [62], pfitomnost kombinace heterozygocie pro 844ins68 s TT
genotypem pro MTHFR 677C>T byla nalezena jako vyznamny rizikovy faktor pro Zilni nebo
arterialni oklusivni nemoc [133].

Muzeme shrnout, Ze v soucasnosti je mirna hyperhomocysteinemie vétSinou
povazovana za rizikovy faktor pro aterosklerosu. Rovnéz se ma za to, Ze je rizikovym
faktorem nezavislym na jinych rizikovych faktorech. ZvySenou hladinu homocysteinu lze
uspésn¢ modulovat vitaminoterapii obsahujici folaty, ale zatim neni jasny dlouhodoby efekt

této 1éCby na zvySenou morbiditu a mortalitu u osob s mirnou hyperhomocysteinemii.

Komplikace v téhotenstvi patii mezi dalSi stavy studované v souvislosti s mirnou

hyperhomocysteinemii; byla pozorovana u preeklampsie [11], abrupce placenty, ristové
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retardace plodu [97] a dale u rodict déti s defekty neurdlni trubice nebo orofacidlnimi
rozstépy [9, 10].

Preeklampsie byla definovéana jako rozvoj hypertenze, proteinurie a otokd v obdobi
mezi 20. tydnem téhotenstvi a prvnim tydnem po porodu. Patofyziologii preeklampsie je
posledni dobou vénovéna velka pozornost i vzhledem k faktim, které ukazuji, Ze zeny, které
prodélaly preeklampsii/eklampsii maji v pozd&j$im veéku vyssi vyskyt kardiovaskularnich
onemocnéni nez ostatni zeny [134-137]. Zd4 se tedy, Ze obé nemoci mohou mit podobny
patofyziologicky zadklad a preeklampsie muze byt téhotenskou manifestaci budouci
hypertenze a aterosklerosy. Tuto hypotézu dale podporuje vyskyt nékterych spolecnych
rizikovych faktort pro ICHS i preeklampsii (zvySena koncentrace LDL, dyslipidémie, BMI)
[138-140].

Béhem fyziologického tehotenstvi dochdzi k poklesu plazmatické koncentrace Hcy
[101, 141]. Tento pokles je ziejmé zpusoben hemodiluci, vyssi utilizaci methioninu a
homocysteinu rostoucim plodem [1]. V roce 1997 ve studii Cajkovice et al byla poprve
popséna zvySend hladina homocysteinu u Zen s preeklampsii oproti net€éhotnym Zendm [142]
a jiné studie tyto ndlezy potvrdily [143, 144]. Pii hledani pfic¢in tohoto jevu bylo nejvice
pozornosti vénovano polymorfismu 677C>T v MTHFR genu, kdy bylo zjisténo, ze zeny TT
homozygotky pro tuto variantu mély vyznamné Castéji preeklampsii [145]. Dalsi studie vSak
tuto hypotézu vyvratila [146].

Studie zaméfené na zmény hladin aminothiold v patofyziologii preeklampsie ukazaly, ze u
zen s preeklampsii nedochazi k poklesu plazmatického cysteinu a jeho koncentrace jsou velmi
podobné koncentracim u netéhotnych zen [147].

Defekty neuralni trubice (DNT) jsou zdvaznou komplikaci t€hotenstvi, n€kdy vedouci
k pfedcasnému ukonceni gravidity. Tento defekt vznikd poruchou uzdvéru neurdlni ploténky
mezi 21 - 28 dnem [7]. Pfi¢iny vzniku tohoto defektu jsou multifaktoridlni a zahrnuji jak
vlivy genetické, tak vlivy negenetické (hypertermie, deficit folati, nekteré 1€ky, dieta a dalsi)
[7, 148]. Biochemické studie zamétené na objasnéni pii€in DNT prokézaly, ze matky téchto
postizenych jedinci maji vyznamné niz8i hladinu folati a vys$si hladiny homocysteinu nez
zeny se zdravym potomkem [8, 97, 149].

Viibec prvni studie o snizené hladiné folath u matky potomka s DNT byla publikovéna
v roce 1976 [150]. Pozdéji stejna pracovni skupina publikovala vysledky o pozitivnim efektu
perikoncepc¢ni vitaminoterapie obsahujici folaty na snizeni rizika opakovani této vady [151].
Tyto vysledky byly v souladu s jinou studii, kde byly podavany folaty samotné ¢i jako soucast

multivitamini [152]. Nékolik dalSich studii pak potvrdilo, ze suplementace folaty u Zen
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s anamnézou vyskytu DNT vyznamné snizuje riziko opakovani této vrozené vady v dalSim
téhotenstvi [8, 153-155].

Na zéklad¢ vysledkd studie Medical Research Council rozpracovalo Center for
Disease Control and Prevention (CDC) [155] strategii prevence DNT. Jejim vysledkem bylo,
ze 1. 1991 doporucila CDC zendm, u nichz se v piedchozim téhotenstvi vyskytl DNT, aby
uzivaly folaty jako dopln¢k ke stravé (doporuc¢ena denni davka je 400ug). V USA a v dalSich
zemich pak v rdmci narodnich zdravotnich programt pocala zna¢nd podpora uzivani folati
v téhotenstvi, jak osvétou, tak od r. 1998 fortifikaci potravin kyselinou listovou (140 pug na
100g mouky USA) [156]. Tato strategie se ukazala jako velmi u¢inna. Bylo prokazano snizeni
vyskytu DNT v oblastech se zvySenym piijmem folatt [157-159].

Vzhledem k prokdzanému benefitu uzivani folatt a zvySené hladin€ homocysteinu se
na geny zapojené v metabolismu folati zaméfily dalsi studie [160-162]. V genetickych
677C>T v MTHFR genu. Prvni studie ukazovaly vyznamnou asociaci DNT a homozygotni
formou genu pro MTHFR [163]. Jiné studie vSak tuto asociaci neprokéazaly [161, 162].
Pozd¢ji pak byla publikovana studie, kterd ukazovala na zvysené riziko NTD i u heterozygott
v tomto polymorfismu [164]. Vysledy studii jsou rozporuplné, velkd meta-analyza vlivu
homozygotni formy TT varianty v MTHFR genu matek ukazuje, ze tato varianta je mirnym
rizikovym faktorem pro vznik DNT [10]. V jiné studii byla vénovana pozornost jiné varianté
v MTHFR, a to polymorfismu 1298A>C spolu s variantou 677C>T v témZze genu [76, 165].
V obou studiich bylo zjisténo, ze zeny - kombinovani heterozygoti - maji vyssi riziko pro
vznik DNT u potomka. Dals§i analyza tento nalez opét nepotvrdila. Posledni velka meta-
analyza provedend Vollsetem a Bottem zahrnuje vice nez 40 studii o vlivu obou
polymorfismi v MTHFR genu. Zde uvadé¢ji zvySené riziko DNT u jedinci s homozygotni
formou varianty 677C>T v MTHFR genu (OR 1,76; CI 1,45-2,14), a lehce zvySené riziko u
homozygotti s 1298A>C variantou (OR 1,2; CI 1,04-1,61) [166].

Orofacialni rozstépy (OR), kam patii roz$tép rtu +/- rozstép patra. Izolovany rozstép
patra je vyvojova vada vznikajici mezi 6 - 10 tydnem gravidity, rozstép rtu jiz mezi 3-4
tydnem. Také u této vyvojové vady byla pozorovana mirnd hyperhomocysteinemie, a to u
matek takto postizenych jedinct. Zvysend hladina homocysteinu se tedy zacala zvazovat jako
rizikovy faktor pfi rozvoji této vyvojové vady [12]. Vzhledem k provédzanosti metabolismu
homocysteinu s folatovym cyklem a vyslediim studie z roku 1982, kdy bylo publikovéno, ze
dochazi k vyznamnému snizeni rizika vyskytu a opakovani této rozstépové vady

perikoncepénim uzivanim folati [167], se dal$i studie zaméfily zejména na folatovy
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metabolismus. Nékteré prokazuji snizeni rizika vyskytu obli¢ejového rozstépu prekoncepcné
zvySenym piijmem kyseliny listové [11, 168-170], jiné tento pozitivni efekt neprokazuji
[171]. Studii o genetickych variantich ve folatovém c¢i homocysteinovém metabolismu u
tohoto postizeni je malo. VétSina se jich vénuje polymorfismu 677C>T v MTHFR genu,
znich pouze jedna prokazala asociaci homozygotni formy TT varianty vtomto genu
s roz§tépovou vadou obliceje, at’ uz rozSt€épem patra samotnym, ¢i rozSt€épem rtu +/-
roz§tépem patra (OR 2,06; CI 1,16-3,66). VEtsi riziko v tomto souboru pak bylo nalezeno pro
izolovany roz$tép patra (OR 3,23; CI 1,32-7,86) [172]. Jiné studie zabyvajici se tymz
polymorfismem asociaci neprokazaly [173, 174].

Provedena meta-analyza, zahrnujici 5 studii s celkem cca 400 postizenych jedincii,
hodnoti celkové riziko u jedincti s TT genotypem jako téméf nezvysené (OR 1,08; CI 0,78-
1,5) [166]. Ve folatovém metabolismu byl dale studovan gen pro redukovany folatovy
ptenase¢ (RFC) a to polymorfismus ¢.80G>A. Bylo zjisténo zvysené riziko pro postizeni
obliejovym rozstépem u osob s mutantni alelou, paklize matky téchto jedinci nemély
dostate¢ny ptijem folatd v asném stadiu gravidity [93].

Zda se tedy, Ze v etiologii obou rozstépovych vad - DNT i OR - je geneticky dana
porucha ve foldtovém metabolismu jednim z podilejicich se faktort pfi vzniku vad. ZvySeny
pre a perikoncepéni piijem folath snizuje riziko vzniku téchto vad. Tento efekt je vyrazny
v prevenci defektli neurdlni trubice, zatimco v prevenci vyskytu obli¢ejovych rozstépl je

vyznam této vitaminoterapie stale sporny.
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2. CIiLE PROJEKTU

Cilem ptvodniho projektu bylo testovat, zda genetické pfi¢iny poruch metabolismu
homocysteinu hraji roli v etiopatogenesi aterosklerosy v ¢eské populaci. Pivodni zamér byl
rozsiten o podrobnéjsi studium genetickych variant v metabolismu folatt, které uzce s touto
problematikou souviseji, jak bylo popsano vyse. Vzhledem k rozsifeni poznatkl o tilloze
homocysteinu pti rozvoji komplexnich nemoci byl pozdéji projekt déle rozsiten o studii
zamétenou na Ulohu genetickych faktorti souvisejicich s metabolismem homocysteinu pii
rozvoji nékterych komplikaci t€hotenstvi, roz§t€povych vad neuralni trubice, orofacidlnich

rozstépi a preeklampsie.

V ramci svého postgraduélniho studia jsem se zc¢astnila dvou vyzkumnych projektt -
»Mirna hyperhomocysteinemie v ¢eské populaci: analyza genetickych faktorti u pacientt
s atherosklerosou® a ,,Hyperhomocysteinemie v t€hotenstvi: uloha genetickych faktorti pfi
vzniku defektli neuralni trubice, orofacialnich rozstépt a preeklampsie®.

Moji ulohou v téchto projektech bylo podilet se na feseni nasledujicich otazek:

Patofyziologie vybranych aminothioli v rozvoji aterogenese
s Metodologie vySetieni poruch metabolismu homocysteinu
» Standardizace, provedeni, vyhodnoceni methioninového zatézového testu
» Stanoveni referen¢nich rozmezi vybranych aminothiolll ve zdravé ceské populaci
» Zjisténi, zda methioninovy zatézovy test je klinicky bezpeény
« Etiopatogenese aterosklerozy
> Uloha genetickych variant v metabolismu homocysteinu u pacientti s ICHS
+¢ Lécba mirné hyperhomocysteinemie
» Ovéfeni  biochemickych  0¢inkd  vitaminoterapie  pifi  modulaci  mirné

hyperhomocysteinemie v ¢eské populaci

Metabolismus folati a poruchy reprodukce
% Fyziologické determinanty koncentrace vybranych metaboliti
» Genetické faktory ovlivijici hladiny folatl v krvi v ¢eské populaci

» Fyziologické determinanty ovliviiyjici hladiny aminothiold v gravidité
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+ Studium etiopatogeneze vybranych vyvojovych vad
> Analyza rodokment rodin s opakovanym vyskytem rozitépové vady z celé CR
» Vazebna analyza vybranych genti zapojenych v metabolismu folatii a homocysteinu u

pacientil s rozs§tépovou vadou
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3. VYSLEDKY A DISKUSE

3.1 Studie patogeneze vybranych aminothiolt v rozvoji aterogeneze

3.1.1 Metodologie vySetieni poruch metabolismu homocysteinu
Standardizace, provedeni methioninového zatézového testu

Vypracovali jsme podrobny protokol k provedeni Sestihodinového zatézového testu s
L-methioninem. Na pracovisti II. interni kliniky FNKV jsme tento test provedli celkem u 887
0sob (296 pacientt s prokdzanou atherosklerosou a 591 zdravych kontrol).

V nami navrzeném protokolu jsme sjednotili pfipravu jedinct ptfed testem i samotné
provedeni testu, kdy je podavanolOOmg L-methioninu na lkg télesné hmotnosti,
rozpusténého v 300 ml ovocného dzusu (u osob nad 95 kg v 500ml dzusu vzhledem k
omezené rozpustnosti methioninu). Popsali jsme nésledné okamzité zpracovani ziskané¢ho
materidlu pro analyzu homocysteinu (Hcy), cysteinu (Cys), glutathionu (GSH),
cysteinylglycinu (CGL) pied a po 6h methioninové zatézi. Navrhli jsme optimalni rezim
pacienta v prub¢hu testu véetné¢ presné definované diety mezi odbéry. Tento test je nyni
snadno reprodukovatelny a mtize slouzit k diagnostice poruch metabolismu homocysteinu na
jinych pracovistich.

Publikace viz bod 3.3.1

Stanoveni referencnich rozmezi vybranych aminothiolu ve zdravé ceské populaci

Data o dynamice aminithiold pfi standardnim methioninovém zatéZovém testu byla
zjiténa od velmi dobie klinicky charakterizovanych kontrol z CR. Vyhodnocenim vysledki
této studie byl také potvrzen statisticky vyznamny rozdil v koncentraci homocysteinu mezi
skupinou pacientt a kontrol (Hcy nala¢no p<0,0001; Hcy po methioninové zatézi p<0,0001)
koncentraci cysteinu (nala¢no p<0,0001; po methioninové zatézi p<0,0001), volného
glutathionu (nalacno p<0,0001; po methioninové zatézi p<0,0001). Potvrdili jsme, Ze
premenopauzalni Zeny maji niz$i hladiny homocysteinu nez Zeny postmenopauzalni.
V postmenopauzalnim obdobi maji pak Zeny hladiny homocysteinu obdobné jako muzi. Jako
vedlejsi nalez bylo zjisténi koncentraci vitamind, kde bylo zjiSténo, ze Ceska populace netrpi
deficitem vybranych vitaminii a neni statisticky vyznamny rozdil mezi obéma skupinami
pacient — kontrola. Popisné statistiky pro aminothioly a vitaminy jsou uvedeny v pfiloze.

Zavérecna zprava grantu IGA MZ 26-3. Ptiloha- tabulky ¢ast 3.4.
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Zjisteni, zda methioninovy zatézovy test je klinicky bezpecny

Vyhodnocenim akutnich nezadoucich ¢€inkli i dlouhodobého efektu po navozené
hyperhomocysteinemii jsme se snazili prokazat klinickou bezpecnost methioninového
zatézoveho testu. Ve vyse popsané studii byly detailn€ sledovany vSechny akutni nezadouci
vedlejs$i ucinky po poziti standardizované davky methioninu. OkamZity efekt navozené
hyperhomocysteinemie byl zjiStovan pomoci cilenych dotazli na subjektivni pocity a
méfenim krevniho tlaku, tepu pfed a po zatézi methioninem. Z celkem 887 vySetfovanych
jedincti 154 znich popisovalo neobvyklé akutni ptiznaky jako ,lehka hlava®“, tj. zavrat,
nespecificka bolest hlavy, pocit kocoviny (13%), ospalost (4%) a nauzeu (3%), a to Zeny 2x
¢astéji nez muzi. Mechanismus vzniku téchto vedlejSich u€¢inki methioninu je nejasny, tyto
stavy mohly byt ¢aste¢né zptusobeny i nizkoproteinovou snidani, porusenim biorytmu nebo
velkym mnozstvim ovocného dzusu nala¢no. Abychom posoudili mozné subakutni a nasledné
neptiznivé UCinky methioninového testu, zjiStovali jsme dotaznikem klinicky stav
vySettenych 30 dni po testu. Ukazalo se, Ze u Zadného ucastnika studie nedoSlo
k subjektivnimu zhorSeni zdravotniho stavu a nikdo nezemiel na srdecni nebo mozkovou
ptihodu. Zavérem lze shrnout, ze methioninovy zaté¢zovy test mize byt povazovan za
bezpecnou proceduru, 1 kdyz u nékterych osob vede k prechodnym zdravotnim obtizim.

Publikace viz bod 3.3.2.

Diskuse

V dobé pocatku studie neexistoval standardni protokol k provadéni methioninového
zatézového testu, nebyla zndma bezpecnost takto uméle navozené narazové
hyperhomocysteinemie a nebylo zndmo referenéni rozmezi aminothiold pro Ceskou
republiku. Test byva provadén k diagnostice poruch metabolismu homocysteinu, kde pouhé
stanoveni hladiny plazmatického homocysteinu nalacno nepostacuje k odhaleni mirné
hyperhomocysteinemie. Nejcastéji byva indikovan u osob s pozitivni osobni nebo rodinnou
anamnézou kardiovaskularniho onemocnéni v mlad$im véku, u lidi s vysokym aterogennim
rizikem a normalni hladinou homocysteinu nala¢no; dalsi indikace k provedeni testu mohou
byt: hypothyreosa, renalni insuficience, systémovy lupus erythematodes, uzivani nékterych
1€k (teofyllin, methotrexat, L-dopa) [175]. Po provedeni 887 zatézovych testli jsme nas
protokol navrhli jako mozny standardni postup pro zjistovani zmén aminothiold po

methioninové zatézi v podminkach naseho zdravotnictvi.
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V souladu se zahranicnimi pracemi jsme zjistili statisticky vyznamny rozdil
v koncentraci homocysteinu mezi skupinou pacientdl a kontrol, jak nala¢no, tak po
methioninové zatézi. Stratifikovali jsme referencni rozmezi hladin aminothiolt podle pohlavi
a veéku.

Diikladnym rozborem vedlejSich ucinki hyperhomocysteinemie jsme urcili 3
nejcastéjs$i akutni nezaddouci U€inky a zpétnym dotazovdnim i vyloucili pozdni negativni vliv
pfechodné hyperhomocysteinemie na zdravotni stav testovanych osob. Vypracovany protokol
k provadéni i hodnoceni methioninového zaté¢zového testu véetné¢ moznych komplikaci je
nyni dostupny pro diagnostiku poruch metabolismu homocysteinu na jinych pracovistich.

Prace o bezpecCnosti MZT v takovémto rozsahu nebyla dosud publikovana. Takto
podrobnou analyzou na pomérné¢ velkém souboru testovanych jedincii jsme prokdzali

bezpecnost nami navrzeného protokolu provadéni methioninového zatézového testu.

3.1.2 Etiopatogeneze aterosklerozy

Uloha genetickych variant v metabolismu homocysteinu u pacientit s ICHS

V této studii jsme sledovali, zda vybrané genetické varianty v genech metabolismu
homocysteinu maji vliv na vznik a rozvoj ischemické choroby srde¢ni (ICHS). Studie byla
provadéna v uspotradani ,,ptipad-kontrola®, kde skupinu ptipadi tvotilo 278 pacientll s cévnim
onemocnénim srdce a skupina kontrol sestavala z 591 jedincii odpovidajictho véku bez
klinickych ptiznakl aterosklerosy (mediany veékti 56 a 50 let). V obou skupinach jsme
analyzovali u kazdého jedince genotyp pro 5 patogennich mutaci v CBS genu a pro 5 béznych
polymorfismi ve ¢tyfech genech metabolismu homocysteinu. Z béznych polymorfisma jsme
analyzovali konkrétn¢ 677C>T a 1298 A>C v MTHFR genu, 844ins68 v CBS genu, 2756A>G
v MTR genu a 66A>G a 524C>T v MTRR genu.

Modelovanim pomoci logistické regrese jsme zjistili, ze nosic¢stvi CBS 844ins68 alely
je vyznamnym protektivnim faktorem proti ICHS (OR=0,56, 95%CI=0,35-0,90). Po analyze
interakci se ukdzalo, Ze protektivni efekt 844ins68 varianty v CBS genu zlstava vyznamny i
pfi zahrnuti zndmych rizikovych faktori pro aterosklerosu (v€k, pohlavi, konzumace
alkoholu, hypertenze, hyperlipidemie, diabetes mellitus) do modelu a je modifikovan pouze
obezitou (vyjadienou pomérem obvodu pasu a bokl, WHR). Zatimco u S$tihlych lidi
(WHR<0,85) protektivni efekt nosicstvi 844ins68 varianty mizi, u obéznich lidi (WHR>0,85)

zustava i nadale vyznamny.
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Pro objasnéni ptic¢iny protektivniho vlivu 844ins68bp v CBS genu jsme udélali
podrobnou analyzu metabolickych profilii u téchto jedinct. Z vySe uvedené¢ho souboru 591
zdravych kontrol jsme vybrali skupinu 89 heterozygotii pro 844ins68 a k nim skupinu 89
homozygotli bez 844ins68, ktera se nelisi vékem, pohlavim, vyskytem menopauzy u Zen a
genotypem pro MTHFR 677. Tyto dvé skupiny se vzajemné neliSily ani v zdkladnich
klinickych parametrech (koufeni, konzumace alkoholu, BMI, hypertenze, diabetes), které by
mohly ovliviilovat metabolitovy profil. U téchto dvou skupin jsme porovnavali nejen hladiny
homocysteinu, ale i cysteinu, glutathionu, S-adenosylmethioninu (SAM) a S-
adenosylhomocysteinu (SAH). VSechny aminothioly jsme vysetfovali nala¢no i po zatézi
methioninem. Rozdily v medianech mezi jednotlivymi skupinami jsme porovnavali
Wilcoxnovym parovym testem. Mezi koncentracemi aminothiolli nala¢no byla pouze hladina
S-adenosylmethioninu v krvi vyznamné vyssi u jedinct nesoucich 844ins68 alelu (p=0,025).
Z koncentraci aminothiold po zatézi methioninem vyplyva odlisna funk¢ni kapacita
transsulfurace u jedinct s 844ins68. Nositelé 844ins68ins alely méli vyznamné nizsi hladiny
S-adenosylhomocysteinu v krvi k homocysteinu (p=0,004). Tyto vysledky svédci pro zvySené
odbouravani homocysteinu transsulfuracni cestou a zlepSeny methylacni status u jedincii
s 844ins68bp.

V nasi studii se nebyla prokézana asociace mezi MTHFR 677C>T genotypem a ICHS.
Data z této studie byla ale pozdéji zatazena do velké mezinarodni meta-analyzy, kterou
provadéla holandska skupina [176]. Analyzovano bylo celkem 40 studii zabyvajicich se
asociaci MTHFR 677C>T genotypu a rizika ischemické choroby srde¢ni. Celkem byly
zahrnuty vysledky od 11.162 pacientli a 12.758 kontrol. Odds ratio (OR) pro asociaci mezi
MTHFR 677C>T genotypem a ICHS bylo stanoveno logistickou regresi a prokazuje mirné
zvyseni rizika pro ICHS u 677TT homozygot (OR=1,16, 95%CI=1,05-1,28).

Publikace viz bod 3.3.3

Diskuse

Tato cast studie se zabyvala asociaci mezi variantami v genech metabolismu
homocysteinu s aterosklerosou. Bylo analyzovano 5 patogennich mutaci v CBS genu a 5
béznych polymorfismti ve ¢tyfech genech metabolismu homocysteinu. Do studie byly
zahrnuty vysledky 278 pacientd scévnim onemocnénim srdce a 591 zdravych kontrol
odpovidajiciho v€ku bez klinickych pfiznaka aterosklerosy. V nasi studii byla prokazana

asociace se zmeénou rizika pro aterosklerosu pouze u jedné genetické varianty, a to u
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heterozygocie pro 844ins68 variantu v genu pro CBS. U této varianty bylo pozorovano
sniZeni rizika rozvoje ICHS.

Mechanismus plsobeni této varianty nebyl dosud vysvétlen, ale jsou popisovany
zmény na metabolitové trovni [7, 131, 147] asociované s touto variantou. I v nasi studii jsme
pozorovali snizenou koncentraci homocysteinu a vyssi pomér cysteinu k homocysteinu po
zatézi methioninem u osob s touto genetickou variantou. Tento metabolicky stav mize byt u
téchto jedincii zpiisoben zvySenym pritokem homocysteinu transsulfuracni cestou. Moznym
vysvétlenim by mohlo byt preferenéni vyuzivani inserci vneseného sestfihového akceptoru
[61] a tim ovlivnéni efektivity posttranskripcnich uprav RNA. Ptestoze byla ve fibroplastech
844ins68 heterozygotli ptivodné publikovana normalni aktivita CBS [62], jinym vysvétlenim
by mohla byt i zvySend aktivita CBS [177].

Zajimavé byly vysledky u MTHFR 677TT genotypu. Tato varianta je velmi Casto
sledovana ve vztahu k rozvoji aterosklerosy, vysledky studii jsou vSak kontroverzni. Nékteré
studie prokazuji asociaci s rozvojem ICHS [71, 72] (101, 102), jiné naopak [73].

Vna$i studii nebyla termolabilni 677C>T varianta v MTHFR genu vyznamné
asociovana srozvojem aterosklerosy. Po zafazeni na$i studie do velké holandské meta-
analyzy se pak jiz ukazala statisticky vyznamnym rizikovym faktorem pro ICHS, ktery ma
vSak pomérné maly efekt s OR 1,16 [176]. Tato diskrepance je pravdépodobné zplisobena
tim, Ze ve vétSin€ studii byly relativné malé soubory pacientii a kontrol, kdy statisticka sila
nebyva dostatecnd pro rozpoznani relativné malého klinického efektu.

V soucasné dob¢ je tedy prokazéna asociace MTHFR 677TT genotypu s vyssi
hladinou homocysteinu [69, 71, 72, 113] a zaroven se zvySenym rizikem ICHS [177, 178].

Zavérem lze tedy konstatovat, ze pouze dvé genetické varianty z 10 analyzovanych
polymorfismi a to 844ins68 v CBS genu a 677C>T v MTHFR genu byly vnasi studii
asociovany s modifikaci rizika ICHS (u MTHFR 677 varianty az po zatazeni naSich dat do
meta-analyzy). U téchto dvou genotypu byl pozorovéan rozdilny klinicky efekt (zvysSené ¢i
snizené riziko cévnich onemocnéni) spojeny s odpovidajicimi zménami koncentrace
homocysteinu (zvySeni ¢i sniZzeni), coz podporuje hypotézu o kauzalnim pulsobeni

homocysteinu na vznik a rozvoj aterosklerosy.
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3.1.3 Lécba mirné hyperhomocysteinemie
Oveéreni biochemickych ucinkii vitaminoterapie pri modulaci mirné hyperhomocysteinemie v
Ceské populaci

Piestoze je mnoho literarnich udajii o Gc¢innosti vitaminoterapie pfi modulaci mirné
hyperhomocysteinemie, provedli jsme vyhodnoceni doporucované lécby v Ceské populaci.
Pro tyto potieby jsme vyhodnotili 650 zatézovych testli s L-methioninem (MZT) kde bylo
podavano 100mg L-methioninu na lkg télesné hmotnosti. M¢fili jsme koncentraci
homocysteinu (Hcy) pied a po Sestihodinové methioninové zéatézi, koncentraci vitamind
kyseliny listové v plazmé a v erytrocytech, vitaminu B6 a vitaminu B12. Po provedeni MZT u
200 pacientii s aterosklerosou a 450 zdravych kontrol byla v§em jedinciim, u kterych byla
zjisténa zvySend hladina homocysteinu, doporucena tzv. zékladni vitaminoterapie tj. 400png
kyseliny listové, 2mg vitaminu B6, 6pg vitaminu B12, a to v multivitaminovych preparatech
obsahujicich vSechny uvedené vitaminy v pozadovaném mnozstvi. Po tfech mésicich jsme
provedli kontrolni zatézovy test u 80 jedincti (38 pacientii s aterosklerosou a 38 kontrol).
Sledovali jsme sniZzeni hladiny homocysteinu a Upravu koncentraci vitaminll. V obou
skupinach doslo k statisticky vyznamnému poklesu jak basélni, tak pozatéZzové koncentrace
Hcy (pacienti p = 0,0001 pro snizeni baséalnich hladin; p = 0,0001 pro snizeni pozatézové
koncentrace Hcy; kontroly p = 0,0001 pro sniZzeni basalnich hladin; p = 0,0003 pro snizeni
pozéatézové koncentrace Hcey).

Pti netspéchu zékladni 1écby jsme 20 osobam s pietrvavajici mirnou HHC doporucili
megadavky vitamint (2,5mg/den kyseliny listové, 20mg/den vitaminu B6, a 1000MJ
vitaminu B12 v i.m. form¢ po 2 tydny 1x tydné a pak 1x za 2 tydny. Po tiech mésicich jsme
znovu zopakovali kontrolni zatéZovy test. V této skupiné doslo s statisticky vyznamnému
poklesu jen u skupiny kontrol, ve skupiné pacientli doSlo k poklesu bez statistické
vyznamnosti. U 5 Zen ani pfi této terapii nedoslo k normalizaci hladin homocysteinu, u jedné
zeny vidime pfiCinu v souCasné 1€cbé antiepileptiky. VSechny tyto zeny byly predany na
specializované pracovisté Prof. Hyanka, ptfedpokladdme u nich geneticky podminénou
poruchu zpracovani homocysteinu.

Vysledky této studie ukézaly, ze Cceskd populace je klécbé mirné
hyperhomocysteinemie vnimava srovnateln¢ jako ostatni sledované populace. Tato
vitaminoterapie byla, stejné tak jako v jinych zemich, doporucovana k Ié€bé mirné
hyperhomocysteinemie u osob s nalezenou mirnou hyperhomocysteinémii [4].

Zavére€na zprava grantu [GA MZ 26-3
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Diskuse

Ackoli je zvySena hladina homocysteinu u pacientii opakované potvrzovana v riiznych
populacich, o kauzalit¢ mirné hyperhomocysteinemie pii rozvoji aterosklerosy neni mezi
odbornou vetejnosti stale shoda. Za prokdzané se povazuje, ze zvySena hladina homocysteinu
je pozorovana u pacientli s piedCasnou aterosklerosou [4, 109]. Opakované bylo také
prokazano, ze rizné modifikace vitaminoterapie obsahujici folaty vyznamné snizi hladinu
Hcy [99, 179, 180]. Z tohoto diivodu byla navrzena strategie prevence rozvoje aterosklerosy
zvySenym piisunem vitamint skupiny B a zejména folaty [175]. Nasledovalo né&kolik studii,
které potvrzovaly, ze takto zajistény zvysSeny pfijem vitamind a zejména folatl, vyznamné
snizuje hladinu homocysteinu [123, 124]. Zvlastni pozornost byla pak vénovana zemim, kde
je populace celoplo$né fortifikovana folaty [181]. Uginnost primarni prevence zvysenym
pfijmem folath lze pak sledovat porovnanim mortality sledovaného onemocnéni v jinak
srovnatelné populaci, kde vsak tato fortifikace neprobihd. Takto bylo vypozorovano, Ze od r.
1998 (od kdy probiha fortifikace potravin folaty) doslo ke statisticky vyznamnému snizeni
mortality na cévni mozkovou piihodu (CMP) a to o 21% oproti populacim, kde fortifikace
neprobiha [127]. Z vySe uvedeného Ize shrnout, ze tato primdrni prevence folaty je efektivni,
coz dokazuje snizend mortalita na CMP v zemich, kde probihé fortifikace folaty . U téchto
0sob jsou nalézany vyznamné niz$i hladiny plazmatického Hcy a zaroven u nich nedochazi
k zvySovani Hey s vékem oproti osobam bez suplementace folaty [127].

V lofiském roce vSak byly publikovany prospektivni studie, které sledovaly
dlouhodoby efekt 1éCby zvySenym piijem vitamint [125, 126]. Ve dvou riznych studiich bylo
zahrnuto dohromady vice nez 9000 probandt s prokazanou aterosklerosou (pacienti po cévni
mozkové ptihodé ¢i akutnim infarktu myokardu). Tito jedinci byli po své ischemické atace
l1é¢eni vitaminoterapii (B6 + B12 + folaty v riznych kombinacich) nebo placebem. V obou
studiich nebylo pozorovano snizeni rizika pro opakovani CMP, infarktu myokardu, ¢i vyskytu
nestabilni anginy pectoris u osob dlouhodobé zajisténych vitaminoterapii oproti kontrolni
skupiné vstupné obdobné postizenych jedincl uzivajicich placebo. Dokonce byl pozorovan
trend vedouci ke zvySenému riziku vyskytu nestabilni anginy pectoris u jedinci lécenych
vitaminoterapii.

K vysvétleni tohoto paradoxniho jevu existuje vice teorii. Zadnd znich zcela
nevylucéuje, ze homocystein je jednim zkauzdlnich faktori pfi rozvoji aterogenese,
ptedpokladé se jeho piimé plsobeni: podpora oxidativniho stresu, endotelidlni dysfunkce a
bunécné proliferace [182-185]. Negativni dlouhodoby efekt snizovani hladiny homocysteinu

vitaminoterapii je pak vysvétlovan vedlejSimi ucinky této 1éCby. Zvazuje se podpora bunécné
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proliferace samotnymi folaty s ndslednym rozvojem aterosklerotickych platd [186]. Dalsi
mozny mechanismus je v podpofe remetylacni reakce v metabolismu homocysteinu a tim
zvySeni S-adenosylmethioninu a s naslednou vySenou koncentraci metylovych skupin pro
rizné metylacni reakce v builkach [187]. Zménénou methylaci DNA tak muize dochazet
k ovlivnéni genetické exprese a tedy k epigenetickému pusobeni. Muze tim také dojit
k methylaci lipoproteini a methylaci L-argininu, vznika asymetricky dimethylarginin, ktery
inhibuje aktivitu enzymu syntézy oxidi dusiku, a tim mutze dochazet ke zhorSeni cévniho
poskozeni [188]. Z vySe uvedenych diivodid autofi téchto studii [125, 126] naopak 1écbu
mirné hyperhomocysteinemie vitaminoterapii s foldty nedoporucuji. Zaroven toto zjisténi
otvira mnoho otazek: jakym mechanismem dochéazi k rozvoji aterosklerotickych zmén u
pacientil s mirnou hyperhomocysteinemii, kterd je téchto jedincli pravidelné nachazena? A
jak, je-li homocystein skute¢né¢ kauzdlnim faktorem, dosahnout jeho snizeni na Zzadané
hodnoty? Je zvazovana cesta navozeni zvysSené konverze homocysteinu v cystein v jatrech a
nasledné jeho vylouceni moci.

Zd4a se tedy, Ze sekundarni prevence vitaminy a zejména folaty pifi rozvoji
aterosklerosy je pravdépodobné net€innd, a objevuji se zpravy, ze mize byt naopak rizikova,
viz vySe. Vysvétleni tohoto jevu je obtizné. Ve studiich, které poukazuji na rizikovost
dlouhodobé suplementace folaty, byla vitaminoterapie provadéna davkami vysSimi, nez je
bézné doporucovéano (2,5mg a 0,8mg vs. predpoklddand Gcinnost fortifikace +100 pg/den)
[48] vs. bézné doporucovand davka folatd pti vitaminoterapie 400ug [189] - toto rozdilné
davkovani muize byt pfi¢inou kontroverznich vysledkli riznych studii. Déle je pak také
zvazovan fakt, ze sekundarni prevence miize piichazet pozd¢€, a v jiz vyrazné probihajicim
procesu aterogenese nema efekt. Otdzka 1écby mirné hyperhomocysteinemie je tedy znovu
velmi diskutovand a jeji zodpovézeni velmi pravdépodobné piinese i nové poznatky o

patogenesi aterosklerosy.
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3.2 Metabolismus folitii a poruchy reprodukce
3.2.1 Fyziologické determinanty koncentrace vybranych metaboliti
Geneticke faktory ovlivijici v ceské populaci hladiny folatii v krvi

V této studii jsme analyzovali vliv 5 genetickych variant v nésledujicich genech:
MTHFR (677C>T a 1298A>C), FOLH (1561C>T), RFC (80G>A) a v genu pro folatovy
receptor (480G>C) na koncentraci folati v krvi. U 591 zdravych jedincli jsme stanovili
genotyp pro vyjmenovanych pét lokusi a vypocitali frekvenci pro ceskou populaci.
Polymorfismus 480G>C v genu pro folatovy receptor jsme vytadili z analyzy, protoze nebyl
v ¢eské populaci polymorfni. Ze souboru jsme pro statistické analyzy také vytadili jedince,
kteti pravidelné uzivaji multivitaminové preparaty obsahujici folaty. Pro posouzeni vztahu
mezi jednotlivymi polymorfismy a hladinou folat v krvi jsme pouzili: za prvé linedrni regresi
testujici, zda s pfibyvajicim poctem variantnich alel se méni hladiny folat a za druhé Mann-
Whitneyho test pro porovnani hladin folatlh mezi skupinou homozygoti pro variantni alelu a
skupinou heterozygotli a homozygotii pro béznou alelu dohromady. Obé& provedené statistické
analyzy mély jednotny vysledek — tfi varianty hladiny folatd neovliviiuji a pouze 677C>T
varianta v genu pro MTHFR byla asociovana s niz$imi hladinami folat v plazmé. Ve skupiné
510 jedinct, ktefi neuZivaji folaty, byly mediany koncentraci folath v plasmé nasledujici: CC
homozygoti 14,7 nmol/l, CT heterozygoti 14,0 nmol/l a TT homozygoti 12,2 nmol/l (p = 0.04
pro trend). Z praktického hlediska to znamen4, Ze pii suplementaci folatd, ktera se doporucuje
jako prevence vzniku rozstépovych vad u plodu nebo pro snizeni hladiny homocysteinu, miize
byt bézna davka pro asi 10% populace (TT homozygoty) nedostatecna. Zavérem lze shrnout,
ze pouze MTHFR 677C>T varianta je spojena s vyznamnym vlivem na plazmatickou
koncentraci folatt v populaci, kterd neni folaty celoplosné suplementovana.

Publikace viz bod 3.3.4

Diskuse

O genetickych determinantach uréujicich koncentraci folatd v CR bylo velmi maélo
informaci. V nasi populaci byl podrobnéji studovan jen polymorfismus 677C>T v genu pro
MTHEFR [190, 191], o ostatnich genetickych variantach v metabolismu folati nebyly zadné
informace. Vzhledem k uzké vazbé koncentrace homocysteinu v plasmé pravé s folaty,
zaméfila se nase dalsi studie na varianty v genech zapojenych v metabolismu folatd. Z péti
genetickych variant v genech metabolismu folat studovanych v nasi praci, ovliviiovala

koncentraci folati v krvi vyznamné pouze varianta 677C>T v genu pro MTHFR. Tato
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varianta byla asociovand s niz§imi koncentracemi folath v plazmé. Toto zjiSténi odpovida
publikovanym studiim [69, 160, 192]. Dalsi varianty v genech pro MTHFR (1298A>C),
folathydrolasu (1561C>T) a redukovany foldtovy pienasec¢ (80G>A) jsou ve vztahu
k folatovému statusu neutrdlnimi variantami v ¢eské populaci. Varianta 80G>A v genu pro
redukovany folatovy ptfenaseC byla studovana se stejnym vysledkem 1 v jinych populacich
[90, 91]. Naopak polymorfismus 1561C>T ve folathydrolase byl studovéan s rozporuplnymi
vysledky: byl asociovan se snizenim hladiny folath v séru [85] 1 se zvySenim koncentrace
folatt v plazmé [86, 87]. V dalsi studii [88], stejn¢ jako v nasi, nebyla asociace koncentrace
folath s riznymi 1561C>T genotypy vyznamnd. Posledni studovana varianta 480G>C
ve folatovém receptoru nebyla v ¢eské populaci polymorfni. Zavérem lze fici, ze pouze
MTHFR 677C>T varianta vyznamné snizuje folatovy status v té casti naSi populace, ktera

pfijima kyselinu listovou pouze v potrave.

Fyziologické determinanty ovliviiujici hladiny aminothiolii v gravidite

O zménéach hladin aminothiollil v pribéhu gravidity nebylo mnoho znamo. Byl
popisovan pokles plazmatického homocysteinu v druhé poloviné nekomplikované gravidity
[101]. Studie provedena v CR profesorem Hyankem popisovala jen zmény homocysteinu,
ostatni aminothioly analyzovany nebyly [21]. Existuje fada studii, které ukazuji na mozny
vliv zvySené hladiny homocysteinu na rozvoj preeklampsie [101, 102, 143, 144].

V nasem projektu jsme na gynekologicko-porodnické klinice VFN provedli studii,
v ramci které jsme odebirali biologicky materidl a anamnesticka data u zen ve 20. a 30.
tydnu fyziologického téhotenstvi, pfitomnost preeklampsie byla vyhodnocena po porodu.
V prospektivni studii bylo vySetfeno 150 Zen ve 20. tydnu t¢hotenstvi, u 74 z nich jsme
ziskali biologicky materidl i ve 30. tydnu tc¢hotenstvi. Jako kontrolni skupinu jsme pouzili
skupinu 81 matek zdravych déti. Ziskali jsme je v ramci projektu tykajiciho se orofacialnich
rozstépl. Pro konecné zavérecné hodnoceni a publikaci pak bylo vybrano 65 gravidnich Zen,
kde jsme méli kompletni anamnestickd data a biologicky material z 20. 1 30. tydne gravidity.
U vSech Zen byla stanovena koncentrace vybranych celkovych aminothiold v plazmé (Hcey,
CGL, GSH, Cys). V nasem souboru jsme u vSech ¢tyf aminothiolll nalezli vyznamné nizsi
plasmatické koncentrace u téhotnych zen oproti netéhotnym kontroldm. Vyhodnocenim dat
z20. a 30. tydne gravidity jsme mimo cysteinu nezjistili vyznamné rozdily v hladinach
plazmatického homocysteinu ani glutathionu béhem fyziologického t€hotenstvi.

V nasi studii byl pozorovan vyrazny pokles plasmatického cysteinu u téhotnych (z

190,5 pmol/l ve 20. tydnu na 181,5 umol/l ve 30. tydnu; p <0,001). Zaroven se dle naSich
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vysledkit domnivame, ze pokles cysteinu neni zpusoben zvySenou exkreci ledvinami u
téhotnych zen. Tato data ukazuji, ze béhem fyziologického téhotenstvi dochazi k statisticky
vyznamnému poklesu hladin plasmatického cysteinu mezi 20. a 30. tydnem gravidity. viz
tabulka ¢.1.

Publikace viz bod 3.3.5

Tabulka €. 1: porovnadni plazmatickych hladin aminothioli kontrol a Zen ve 20. a 30. tydnu

té¢hotenstvi
Median kontroly 20.tyden 30.tyden [p* p**

n=81 n=150 n=74
Cystein 259.1 190.5 181.5 0.0001 0.0000534
Cysteinylglycin  |37.9 30.3 31.7 0.0001 0.00738
Homocystein 8.7 4.9 4.5 0.0001 0.07
Glutathion 9.7 8.2 7.85 0.0001 0.089

p*: Mann-Whitneytlv test: porovnani zen ve 20 tydnu t€hotenstvi a kontrol

p**: Wilcoxoniv test: porovnani gravidnich Zen ve 20. a 30. tydnu t€hotenstvi

Diskuse

Patofyziologii preeklampsie je posledni dobou vénovéana velkd pozornost. V fadé
publikovanych studii byla pii manifestaci preeklampsie u téhotnych prokazéna zvysSena
koncentrace homocysteinu [102, 143, 144].

Zmény hladiny plasmatického Hcy v pribéhu gravidity u ceskych zen popsal jiz
profesor Hyének [21]. V souladu s jinymi pracemi byla v jeho studii zjiSténa sniZend hladina
plasmatického homocysteinu v gravidit¢ oproti neté¢hotnym zendm [101]. Daéle byla
pozorovana lehce zvySend hladina v Sestinedéli a u nékterych komplikaci t€¢hotenstvi, v této
studii vSak nebyli sledovany zmény jinych aminothiold.

Existuji studie, které ukazuji, Ze Zeny s prodélanou preeklampsii/eklampsii, maji
v pozdéjsim veéku vyssi vyskyt kardiovaskularnich onemocnéni nez ostatni Zeny [135-137],
obé nemoci mohou mit podobny patofyziologicky zaklad a preeklampsie mize byt
té¢hotenskou manifestaci budouci hypertenze a aterosklerosy. Tuto hypotézu dale podporuje
vyskyt n€kterych spole¢nych rizikovych faktorth pro ICHS i preeklampsii, jako je zvySena
koncentrace LDL cholesterolu ¢i triacylglycerola [110, 138-140]. Je tedy mozné, Ze ovlivnéni

téchto rizikovych faktorti preeklampsie mize ovlivnit priibéh a tizi onemocnéni podobné, jako
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tomu je u aterosklerosy. V roce 1999 Jacob et al popsal zvySenou hladinu cysteinu jako dalsi
rizikovy faktor  aterosklerosy [193]. Norskd pracovni skupina ve vysledcich své
Hordalandské homocysteinové studie zahrnujici 16176 jedinct tuto asociaci potvrdila [194].
Dale pak v jiné ¢asti této studie vénované hladindm cysteinu autofi nalezli vyznamnou
asociaci mezi zvySenou hladinou plazmatického cysteinu a rozvojem preeklampsie [147].
Tato zavislost pretrvavala i1 spfihlédnutim k dal$im rizikovym faktorim pro rozvoj
preeklampsie (Hcy, arterialni hypertenze, BMI). Jedna se tedy o dalsi spolecny rizikovy faktor
obou nosologickych jednotek.

V literatufe bylo o zménach koncentrace cysteinu béhem fyziologického téhotenstvi
k dispozici jen malo informaci. Nase vysledky prokazaly vyznamny pokles cysteinu ve
fyziologickém té¢hotenstvi. Jedna ze studii ukdzala, Ze u Zen s preeklampsii nedochdzi k
poklesu plasmatického cysteinu a jeho koncentrace je velmi podobnd koncentracim u
net¢hotnych zen [143]. Lze tedy predpokladat, Ze znalosti o poklesu koncentrace
plasmatického cysteinu béhem fyziologického t€hotenstvi a absenci tohoto poklesu u Zen
s preeklampsii mohou byt pouzity pii presymptomatickém screeningu pribéhu téhotenstvi.
Neptitomnost poklesu cysteinu miize slouzit jako casny prediktor nebezpeéi rozvoje
preeklampsie, coz by mélo bezprostfedni dopad na péci o takto ohrozené te¢hotenstvi. Zaroven

tato data napovidaji, ze cystein je pro plod vyznamnou kyselinou.

3.2.2 Studium etiopatogeneze vybranych vyvojovych vad
Analyza rodokmenii rodin s opakovanym vyskytem rozstépové vady z celé CR

Pro analyzu genetickych faktort u defekti neuralni trubice bylo nutno zajistit jejich
dostatecné reprezentativni soubor, proto byla navazéna spolupriace s 11 regionalnimi
oddé&lenimi 1ékaiské genetiky na izemi Cech a Moravy. Na téchto pracovistich jsem se svymi
spolupracovniky prostudovala 494 chorobopist. Celkem jsem tak ziskala zékladni
anamnestickd data od 51 multiplexovych rodin (rodin s opakovanym vyskytem rozstépoveé
vady) - adeptl pro komplexni vySetfeni; viz tabulka ¢. 30 v ptiloze.

Pti dikladném vyhodnocovani ziskanych rodokment jsme pozorovali napadné Casty
vyskyt rozstépt obli¢eje (RO) v rodinach, kde byla provadéna genetickd konzultace pro
vyskyt defektu neurélni trubice (DNT). Tento nalez byl velmi zajimavy zejména proto, Ze u
obou téchto vyvojovych vad byla v literatufe popisovana zvySend hladina Hcy u matek a
moznd prevence podavanim folatd, jak je popsdno vobecné casti. Vzhledem k této
skuteCnosti a faktu, ze o mozné vzijemné kombinaci téchto dvou rozstépovych vad

v rodinach jsme nenalezli v literatufe zadné udaje, jsme se rozhodli naS nalez ovéfit
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v epidemiologické studii. Nasim cilem bylo zjistit, zda v rodinach s anamnestickym tudajem
DNT v blizkém piibuzenstvu existuje zvySené riziko vyskytu obli¢ejového rozstépu.
K ovéfeni této hypotézy jsme jako kontrolni skupinu navrhli ,,béZznou* klientelu genetickych
poraden, kde byla geneticka konzultace provadéna pro jinou nez rozstépovou problematiku.
Za timto ucelem jsme prohledali 428 kontrolnich chorobopisti a zjistovali vyskyt RO v
ptibuzenstvu.

Pro potvrzeni pravdivosti tdajl, Ze anamnesticky udavany vyssi vyskyt RO v rodinach
se zatezi defektu neurdlni trubice neni zplisobeny vétsim poctem piibuznych v postizenych
rodinach, jsme provedli §ir$i analyzu obou skupin s ohledem na celkovy pocet jedinct
v souborech. Abychom zvazili vérohodnost nami zjisténych dat, porovnali jsme némi

vypocitanou incidenci obou vad s vyskytem dané vady pro CR [195, 196]. (viz tabulky ¢&.2, 3)

Tabulka €. 2: Vyskyt OR v rodinach s anamnézou DNT a v kontrolnim souboru

pocet jedincii | pocet postizenych OR | incidence
Vyskyt OR v CR 0,00186
Rodokmeny s vyskytem DNT 10269 14 0,00136
Kontrolni rodokmeny 10538 6 0,00057

Tabulka €.3: Vyskyt DNT v rodinach s anamnézou DNT a v kontrolnim souboru

pocet jedincti | pocet postizenych DNT | incidence
Vyskyt DNT v CR 0,00084
Rodokmeny s vyskytem DNT 10269 22 0,00214
Kontrolni rodokmeny 10538 4 0,00038

Porovnanim téchto dvou soubort - rodin se zndmym vyskytem DNT a kontrolnich
rodin - bylo zjisténo, ze v rodinach s vyskytem izolovaného pifipadu DNT je vyskyt
obli¢ejového rozstépu vyznamné vyssi (OR 2.9, CI 95% 1.1-7.5; p = 0.027). V souladu
s jinymi pracemi jsme také potvrdili fakt, Ze vyskyt DNT v rodinach s jiz jednim vyskytem
této vady je vyznamné vys$i nez v kontrolnich rodinach bez této zatéze (OR 6.9, CI 95% 2.4-
20.2; p=10.0001).

Ptipravovana publikace viz bod 3.3.6; zavérecna zprava grantu IGA MZ 6548-3
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Analyza vybranych genii zapojenych v metabolismu folatii a homocysteinu u pacienti
s rozstépovou vadou

V této casti studie jsme zjiStovali, zda vybrané geny podilejici se na metabolismu
folatt jsou rizikovym faktorem pro rozstépové vady oblieje a defekty neuralni trubice. K
feseni této otazky jsme pouzili vazebnou analyzu.

Do studie byly zafazeny jednak rodiny ze studie popsané vyse, kdy se spolupraci
souhlasilo 25 rodin. Dale pak bylo zafazeno 55 rodin s viceCetnym vyskytem rozstépl
obliceje, které jsme vyhledali v zaznamech Kliniky plastické chirurgie FNKV a které byly
ochotny ke spolupraci. Celkem se nam podaftilo ziskat 80 multiplexovych rodin a nasbirat
anamnestickd data od 728 jedincti, z toho 190 jedinct s nékterou z rozstépovych vad. Na
zakladé¢ vypracovanych rodokment jsme ve spolupraci s Dr. Terwilligerem v rodinach,
v nichz se opakovan¢ vyskytovala rozstépova vada, vytipovali jedince vhodné k provedeni

vazebné analyzy. Bylo vybrano celkem 452 jedinci, viz tabulka €. 4.

Tabulka €. 4: Charakteristika souboru pro vazebnou analyzu

Zatazeno = DNA analyza | Nezatazeno | Celkem
Pacienti (n) 130 60 190
(118 OR+ 12 DNT)
Ptibuzni (n) 322 216 538
Celkem 452 276 728

O nékterych polymorfismech v genech diilezitych pro metabolismus folatd a jejich
vztahu ke vzniku rozs§tépovych vad je jiz fada informaci. Recentni meta-analyza zaméiend na
gen MTHFR a jeho polymorfismus 677C>T uvadi zvySené riziko vyskytu DNT u postizenych
jedinct homozygotnich pro tuto variantu 677C>T (OR 1,76; CI 1,45-2,14). Tataz studie
popisuje lehce zvysené riziko NTD u homozygotti pro 1298 A>C variantu téhoz genu (OR 1,2;
CI 1,04-1,61) [197]. U rozstépu oblic¢eje se pak uvadi, ze u jedinct s homozygti TT v tomto
genu je riziko témet nezvysené (OR 1,08; CI 0,78-1,5;) [197]. Ve folatovém metabolismu byl
dale studovan gen pro redukovany folatovy pienaSe¢ (RFC), a to polymorfismus 80G>A.
Bylo zjiSténo zvySené riziko postizeni obliejovym rozStépem u jedinci s mutantni alelou,
jestlize jejich matky nemély dostateCny ptijem folatd v ¢asnych stadiich gravidit [92]. Vyse
uvedené studie méli usporadani typu piipad a kontrola. My jsme se rozhodli pro jiny typ

studie, a to vazebnou analyzu.
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Pfi samotné genetické analyze jsme pak v 9 riaznych genech souvisejicich
s remethylaci homocysteinu a metabolismem folatl vySetfili 2 - 3 markery. Celkem jsme
vySettili 26 genetickych variant v téchto genech: methylentetrahydrofolat reduktasa
(MTHFR), methionin synthasa (MTR), reduktasa methionin synthasy (MTRR),
methylentethahydrofolat dehydrogenasa (MTHFDI), mitochondridlni folatovy ptenasec,
(MFTCQC), redukovany folatovy ptrenasec (RF'C), folatové receptory (FOLRI, FOLR2, FOLR3),
folat hydrolasa (FOLH1). VySetfovali jsme jak SNP (single nucleotide polymorphismus), tak
RFLP (polymorfismy délky restrikénich fragmenti).

Nasledné byla provedena vazebna analyza pro model dominantni i recesivni formy
vlivu jednotlivych gent, a to spolupraci s Dr. Joe Terwilligerem z Columbia University z
USA. V nasem souboru nebyla prokdzana vazba zadného urcitého genotypu s rozstépovymi
vadami RO ¢i DNT. Vypoctena LOD skore pro jednotlivé genetické markery jsou velmi nizka
(viz tabulka €. 5), Zadny z markerti nedosahuje hodnoty skore 3, coz je pfijimana hranice pro

prukaz vazby daného polymorfismu s fenotypem.

Tabulka ¢. 5: LOD skore pro vybrané markery

Marker LOD dominance | LOD recesivita
FOLH 161 0.013029 0.108574
FOLH 1785 0.186747 0.108574
FOLH 1993 0.121602 0.043429
FOLR 1314 0.714414 0.673156
FOLR 4139 0.84036 0.521153
FOLR 480 0 0
MFTC 1814 0.434294 0.477724
MFTC 521 0.013029 0.021715
MTHFD 1069 0.160689 0.41258
MTHFD 1958 0.0152 0.130288
MTHFD 401 0.979334 0.82516
MTHFR 1298 0 0
MTHFR 1597 0.323549 0.347436
MTHFR 677 0.13246 0
MTR 2670 0.245376 0.542868
MTR 2756 0.136803 0.238862
MTR 2785 0.002171 0.065144
MTR 3576 0.060801 0.130288
MTRR 1049 0.0152 0.152003
MTRR 2505 0 0.36915
MTRR 524 1.873981 1.910896
MTRR 66 0.110745 0.260577
RFC 1446 0 0.065144
RFC 1897 0.395208 0.629727
RFC 696 0.477724 0.304006
RFC 80 0.393037 0.36915
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MTHFR- methylentetrahydrofolat reduktasa, MTR-methionin synthasa, MTRR-reduktasa
methionin synthasy, MTHF'D I- methylentethahydrofolat dehydrogenasa , MFTC -
mitochondridlni folatovy pfenaSe¢, RFC- redukovany folatovy ptenaSe¢, FOLRI, FOLR2,
FOLR3- folatové receptory, FOLH - folat hydrolasa .

Diskuse

Na etiologii  komplexnich nemoci, jako jsou rozstépové vady RO a DNT, se podili
slozka jak geneticka, tak 1 enviromentalni (socioekonomicky status, etnikum, vyziva) [148,
169]. U obou téchto vyvojovych vad byly publikovany vys$si hladiny homocysteinu [8, 97]
[12]. Déle je prokazéano, ze zvySenym piijmem folath dochazi ke sniZeni rizika vyskytu obou
vad [8, 11, 153-155, 168-170]; u rozstépovych vad obliceje jsou vsak publikovany i prace,
které tento efekt nepotvrzuji [171]. Studie zabyvajici se genetickymi faktory pak byly nejvice
zaméfeny na geny v metabolismu folatl. I nase studie byla vedena timto smérem, a to ze dvou
hlavnich d@vodu: suplementace folaty u matky je uinny zplsob, jak pfedchazet vzniku
rozstépové vady plodu; na zvifecich modelech bylo prokazano, ze zavazné poruchy
metabolismu folati vedou ke zvySenému vyskytu rozstépovych vad v potomstvu [198-200].

Nase studie zahrnovala vySetieni 2 nejcastéji diskutovanych polymorfismli v genech
MTHFR a RFC, ale stanovili jsme také genotyp v dalSich genech metabolismu folatd.
Samotna vazebna analyza byla uskuteénéna ve spolupraci se zahrani¢nim pracovistém
Columbia University z USA. Soubor zahrnoval 450 jedinci, které jsme vybrali z 80 rodin.

Pti samotném sbéru dat a zajiStovani rodin s opakovanymi vyskyty rozstépové vady v
rodiné pro laboratorni ¢ast projektu, jsme nalezli statisticky vyznamnou asociaci mezi
vyskytem defektu neurdlni trubice a rozstépy obliceje. V rodinach s izolovanym vyskytem
DNT jsme nalezli tiikrat Castéji ptibuzné s rozs§t€épovymi vadami obliCeje ve srovnani
s rodinami vySetfovanymi z jinych genetickych indikaci nez DNT. Abychom vyloudili, ze
vysledek neni dan nepiesnosti udajii ¢i nestejné velkym zkoumanym rodokmenem v obou
skupinach, rozhodli jsme se porovnat nase data s incidenci vad v literatufe. Z porovnani takto
ziskanych dat vyplynulo, ze vyskyt DNT i RO v kontrolnim souboru je o polovinu (pro DNT)
az dvé tietiny (pro RO) niz§i nez v literarnich udajich o incidenci pro CR. V Ceské Republice
jsou incidence vrozenych vyvojovych vad pfedmétem povinnych hléseni jiz nékolik desetileti.
Uvedené hodnoty incidenci odrazeji trendy poslednich let a incidence ziskana
z rodokmenovych studii je zatizena kromé¢ jiného i pfirozenym lidskym zapominanim, snahou
potlacit nepfijemné vzpominky a zamérnou neinformovanosti Sir$i rodiny o vrozené vadé

v rodin€. Takto ziskana nelplnd anamnestickd data -,,vybavnost dat v rodindch* - mohou ve
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svém dusledku modifikovat vysledky retrospektivnich studii ve srovnani s literarnimi tdaji o
vyskytu té&chto vad v CR. Nepfesnost takto retrospektivné ziskanych anamnestickych dat se
vSak oc¢ekava [201]. Vybavnost RO je jesté mirn€ nizsi nez pro DNT. Tato diskrepance (mezi
vybavnosti RO a DNT v rodinadch) mize byt zptisobena tim, ze RO je méné zdvazna vada, u
které je mozna plasticka korekce, navic u rozstépl patra po operaci neni kosmeticky defekt a
ptibuzni se o vadé nemusi dozvédét. V rodinach s vyskytem DNT je vyskyt dalsi rozstépové
vady (DNT 1 RO) vyssi neZ v kontrolnich rodokmenech, ale ani zde vyskyt RO nedosahuje
literarnich 0daji (zhruba jen tfi Ctvrtiny). Vyskyt DNT v souboru s jiz jedenkrat udavanym
DNT v rodin¢ vSak naopak prevysSuje incidenci této vady popisované v literatuie, a to asi
2,5krat. Pak tedy za piedpokladu, ze vybavnost byla u obou vad stejn¢ zkreslend, je rozdil
vincidenci RO v kontrolnim souboru a v DNT rodindch dan genetickou (ponejvice
polygenni) komponentou. Rodiny s DNT v anamnéze maji 3x vyssi riziko vyskytu RO.
Nenadhodné castéjsi vyskyt obli¢ejového rozstépu v rodinach s defektem neurdlni trubice
podporuje hypotézu o moznych genetickych pii¢inach zvySené nachylnosti ke vzniku
rozstépovych vad obecné, pficemz tyto poznatky mohou mit i mozné dopady na urceni rizika
vrozenych vyvojovych vad pfi genetickém poradenstvi.

Molekularné genetické vySetfeni ve vybraném souboru, vyhodnocené v zahrani¢ni
spolupraci metodami vazebné analyzy neprokazala vazbu sledovaného fenotypu (DNT, RO)
se zadnym z9 sledovanych genti (celkem 26 molekularné genenickych markeri)
v metabolismu folatli. Negativni vysledek vnasi studii vSak nevyluCuje provazanost
poruseného folatového metabolismu se vznikem vyvojovych vad; neuspéch by mohl byt
zpusoben omezenym poc¢tem rodin zahrnutych do analyzy, fenotypovou klasifikaci,
omezenou volbou a rozsahem vySetfovanych merkera atp. V ptipadé¢ jiné kombinace markert
s pouzitim téhoz, byt malého souboru by vysledek mohl byt pozitivni, jak naznacuje nejlepsi
z nasich vysledki pro MTRR 524 s LOD skorem dominance 1,87 a LOD skorem recesivity
1,91. Jakkoli dosavadni studie, k nimz se nase dosud nepublikované vysledky fadi, neukazaly
jednoznacéné na néktery z genli foldtového metabolismu pfi objasfiovani etiologie obou téchto
komplexnich vrozenych postizeni, uloha genetické komponenty je dualezitda a

nezpochybnitelna.
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METHIONINOVY ZATEZOVY TEST

METHIONINE-LOADING TEST

ANDREA VITOVA', KAMILA VESELA?, LUCIE MEIXNEROVA?,
MICHAL ANDELZ, VIKTOR KOZICH?3

"Ustav lékaiské chemie a biochemie 3. lékaFské fakufty Univerzity Karlovy, Praha
2(l.interni klinika FNKV a 3. Iékaiské fakulty Univerzity Karlovy, Praha
3Ustav dédiénych metabolickych poruch 1. l[ékafské fakulty Univerzity Karlovy, Praha

SOUHRN
Vice nez 30 let je mirna hyperhomocysteinémie naladno a/nebo po standardni methioninové zaté%i fazena nékterymi

autory mezi nezavislé rizikové faktory aterogeneze. Standardni methioninovy test spodiva v podani methioninu - prekurzo-

ru homocysteinu peroraini cestou v dadvce 100 mg na 1 kg hmotnosti vy3etfovaného. Qdbér krve je proveden nalaéno a
mezi 4.-8. hodinou po poziti podané latky. Test nevyZaduje specialni pfipravu. Zatim nejsou znamy vyznamné nezadouci

a€inky methioninu. Methioninovy test je indikovan u mladsich pacienti s vysokym rizikem aterosklerézy a normalnimi
hodnotami homocysteinu nala¢no. Normalni hodnoty koncentraci homocysteinu nalaéno i po zatéZi jsou definovany na
zékladé rozloZeni koncentraci naméfenych u zdravé populace, zavisi na véku a pohlavi. Pokud prospektivni studie potvrdi
kauzaini vztah homocysteinu a aterogeneze, pak bude vySetfeni homocysteinu nalaéno a po methioninové zatéi Setrnym

vySetfenim jednoho z nekonvencnich rizikovych faktord aterosklerdzy.
Klicové slova: methionin - homocystein - methioninovy test - ateroskleréza

SUMMARY

For more than 30 years, mild to moderate hyperhomocysteinaemia either fasting or after methionine loading have been
placed by some authors to independent risks of atherosclerotic vascular disease. The methionine-loading test consistes in
the peroral administration of 100 mg of methionine (precursor of homocysteine) per kilogram. The plasma total homocys-

teine is measured before and 4-8 hours after ingestion of methionine. No significant adverse effects of the methionine
administration was described yet. A normal range of fasting homocysteine and concentration after a methionine-loading
test is defined by an arbitrary cut-off in the distribution of concentrations found in the normal population and depends on

age and sex. It is recomended to measure homocysteine levels after a methionine-loading test in high-risk patients with
normal basal homocysteine levels. If the prospective studies confirm the causality between atherosclerosis and homocys-
teine will be the measurement of fasting homocysteine and homocysteine after a standardised methionine-loading test an

unprententious test for determination of non-conventional vascular risk.
Key words: methionine - homocysteine - methionine-loading test - atherosclerosis

HisToRie cysteinémie. Dvacet osob s diagndzou mirné hyperhomo-
cysteinémie mélo normaini hladiny homocysteinu nalacno
Methioninovy test byl pivodné prezentovén jako dia-  a metabolickd porucha byla identifikovana teprve methio-
gnosticky test pro detekci heterozygotti pro cystathioninff- ninovym testem (Bostom et al. 1995)
syntazu. tj. pacientd s poruchou transsulfuraéni metabo-

lické cesty zpracovani homocysteinu (Fowleretal. 1971) ,
. ) vins - . < CHARAKTERISTIKA METHIONINU JAKO CHEMICKE LATKY

(viz obrdzek 1). Pozdéjsi studie v3ak prokazaly, Ze tito he- _

terozygoti mohou mit normalni koncentrace plazmatické- Po strénce biochemické je methionin esencialni amino-

ho homocysteinu nalacno i po methioninovém zatéZzovém  kyselina obsahujici siru, kterou bé7né pfijimame v potravé
testu. (Sperandeo et al. 1996}V soucasné dobé je methio-  jako slozku ZivogiSnych bilkovin (viz obr. 2). Z hlediska fyzi-
ninovy zatézovy test uréen k diagnostice poruch metabo-  kainé-chemického je methionin bily nebo témérf bily krys-
lismu homocysteinu, kdy pouhé stanoveni hladiny homo-  talicky prasek, ktery je dobfe rozpustny ve vodé. Jeho vod-
cysteinu v plazmé nalaéno vede k nedostate&nému  ny roztok je kyselé povahy o pH 5,5-6,5 (Cesky lékopis
diagnostikovéni pacientd s mirnou hyperhomocysteinémii,  1989).

jeZ je nékterymi autory povazovéna za nezévislé riziko vzni-

5 if &feny enetic-
kl’,l aterosklergzy: J.efina ze gtudu zameérenych n? gw METABOLISMUS METHIONING
ké a negeneticka rizika vzniku aterosklerézy vysetfila ho-
mocystein nalaéno a po methioninové zatéZi u 274 osob. Methionin podiéha demetylaci za vzniku homocysteinu.

U 47 vySetfenych byla diagnostikovana mirna hyperhomo-  (viz obrédzek 1). Vznikly homocystein mize byt zpracovan
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kuje remetylaéni metabolic-
kou cestu a z ngjz intracelu-
larné vznikd homocystein
uvolnovany do extracelularni
tekutiny. Tak se pfechodné
zvysuje koncentrace celkové-
. ho ptazmatického homocys-

r./ 7 5.10- teinu, kterd dosahuje maxi-
ma mezi 4.-8. hodinou po
pozitimethioninu (Ueland et
al. 1989). V tomto ¢asovém
rozmezi se blizi koncentra-
ce plazmatického homocys-
teinu dvoj- a3 trojndsobku
hiadiny nalaéno (Graham

~, tewahydrofoidt — ———

4 \
_E;;m7 et al. 18997). K vychozim
T hodnotam se koncentrace
homocysteinu navraci po 24
¥ ‘ az 48 hodinach (Ueland
Cystein \ﬁ Glutathion B a Refsum 1989)

METHIONINOVY ZATEZOVY TEST

‘ V nasi studii, ktera se vé-
nuje vztahu homocysteinu

Obr. 1: Metabolismus methioninu

e methioninadenosyltransferaza

2. S-adenosylmethionin-dependentni transmetylaéni reakce
3. glycinmetyltransferaza

4. S-adenosylhomocysteinhydrolaza

5. cystathioninbeta-syntaza (pyridoxal-5 -fosfat dependentni)
6

7

8

. betainthomocysteinmetyltransferaza

. 5,10-metylentetrahydrofolatreduktaza
5,10 MTHF - 5,10-metylentetrahydrofolat
5 MTHF - 5-metyltetrahydrofolat

healthy humans, Clin Sci 1996, 91: 79-86

. 5-metyltetrahydrofolat:homocysteinmetyltransferaza (metylkobalamin dependentni}

Podle: Loehrer FMT, Haefeli WE, Angst CP. Browne G, Frick G, Fowler B. Effect of methionine
oading on 5-methyltetrahydrofolate, S-adenosylmethionine and homocysteine in plasma of

H

|
H;C-S - CH; - CH; - C- COOH

I

NH,

| Obr. 2: Methionin

‘ dvéma riznymi metabolickymi cestami: ireverzibilni trans-
sulfuracf nebo reverzibilni remetylaci v rémci tzv. methioni-
nového cykliu (Finkelstein 1998). Produktem transsulfurace
. jecystein, jenz davé vzniknout giutathionu nebo je dale me-
; tabolizovan za vzniku sulfatd vyluCovanych do modi. Kofak-
i torem transsulfurace je pyridoxal-5 -fosfat. Pfi zvy$ené po-
. ptavce po methioninu je homocystein remetylovan téinkem
' 5-metyltetrahydrofolatthomocysteinmetyltransferazy (tj.
methioninsynthéazy) zpét na methionin. Donorem metylu je
5-metyltetrahydrofolat. Remetylace mize byt v jatrech
a ledvinach zprostredkovana také enzymem be-
tainthomocysteinmetyltransferazou, ktery vyuziva jako
donor metylové skupiny betain.

Podani methioninu vede k nadbytku intermediarniho
metabolitu S-adenosyl-methioninu, ktery ¢dstecné zablo-

a aterosklerézy, jsme dosud
provedli vice nez tisic zats-
Zovych testd s methioninem.
Ridili jsme se niZe uvede-
nym protokolem, ktery jsme
vypracovali na zaklads lite-
rérnich Gdajl o methionino-
vém testu.

1. Pfiprava pfed testem:
Podle dostupnych zdrojt neni
speciaini pfiprava pfed me-
thioninovym testem nutna.
V poslednich 24 hodinach
pfed vy3etfenim se pacient vyvaruje vyrazné fyzické na-
mahy a zvySeného piijmu bilkovin ve stravé, tj. neni vhod-
na ucast na rodinnych slavnostech, zabijackach a podob-
né. Dvanacthodin pfed testem spojenym s odbérem krve
pacient lacni, od ptiinoci nepije a omezi koufeni.

2. Podani methioninu: Pacientovi je podan methionin
rozpu$tény v napoji, vdavee 100 mg latky na 1 kg télesné
hmotnosti pacienta (Zschocke a Hoffmann 1999). V&tsi-
na studii pouZiva jako rozpoustédlo pomerandovy dsus,
ktery dobfe potlacuje nepfijemnou chut podavané latky. Je
nutné si viak uvédomit, Ze i dZus je zdrojem methioninu.
Podle tabulek 300 ml pomeran&ového dzusu obsahuje asi
28 mg methioninu (Acosta a Yannicelli 1997). Protoze
dzus je pouZivan uviech naSich vySetfeni, mGiZeme tento
postup povaZovat za standardni. MnoZzstvi napoje,
ve kterém je rozpoustén methionin, neni doporudovanc
jednoznacné. Je nutné zohlednit omezenou rozpustnost
methioninu, ktera Cini podie Gdaji vyrobce 30 g/1. V nasi
studii jsme pro pacienty s télesnou hmotnosti niZsi nez 95
kg rozpoustéli pristusnou davku methioninu v 300 mi d3u-
su. Pokud pacient vazil vice neZ 95 kg, byl methionin
s ohiedem na omezenou rozpustnost rozpustén v 500 mi
dzusu.
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3. Odbéry vzorka kive v pribéhu methioninového
testu: Prvni vzorek krve se odebira nala&no. Druhy vzorek
~ krve je nutné vzhledem ke kinetice podané latky odebrat
© s Gasowym odstupem 4-8 hodin {Ueland a Refsum 1989),
i ve vétSiné studii je odebirdna krev po 6 hodinach.
. Z ekonomického i Casového davodu by bylo pfinosné zkra-
12 ceni methioninového testu na 2 hodiny, ale vysledky tak-
jf to modifikovaného testu nejsou reprodukovatelné (Bos-
. lometal. 1985). Je obvyklé kromé homocysteinu stanovit
' také koncentrace vitamind B6, B12 a kyseliny listové,
které plisobi jako kofaktory metabolismu methioninu a

: homocysteinu (Zschocke a Hoffmann 1999) (viz obra-

L ozek 1),

4. Zpracovani vzorki krve: Koncentrace homocystei-

;}il nu v plazmé za pritomnosti krevnich elementt stoupa

- Vzavislosti na teploté. PFi pokojové teplotd stoupdza 1 ho-

dmu koncentrace homocysteinu v plazmé o 5-15 %. Vzor-

ky krve je proto nezbytné okam3its, tedy v praxi asi do

2 minut uloZit na led. Dale by méla byt krev zbavena bu-

necnych elementd centrifugaci. V na3i studii jsme krev cent-

4 nfugovall do 30 minut po odbéru po dobu 15 minut pri

- 2000 G. Plazmatické koncentrace homocysteinu jsou

pak stabilni pfi pokojové teploté po dobu nékolika ho-

dln pii teploté O-2 °C maximainé po dobu 14 dni a pri

teplote 20 °C po dobu n&kolika let (Ueiand et al. 1993).

Jlm autofi doporuduji dodat stabilizaéni roztok, napfiklad

fluorid nebo 3-deaza-adenozin (Méller a Rasmussen 1995,

i[i Ischocke a Hoffmann 1999).

5.ReZim pacienta v pritbéhu methioninového testu:

i Vmezidobi mezi obéma odbéry miZe pacient vykonavat
mirnou fyzickou z4té% a omezi koufeni.

Pfijem potravin je omezen na nizkobilkovinnou svacinu,
“kterd obsahuje maximalné 30 mg methioninu. V nasi
rambulanci jsme podavali pfi methioninovém testu napri-
klad tuto svaéinu: 200 g nizkobilkovinného chieba Vitapro-

] tam, 20 g rostlinného masia, 1 vanidku medu nebo mar-
melady a 100 g jablka nebo jiného ovoce. Svadina obsahuje
:asi 20 mg methioninu. Pro porovnani 100 g hovéziho masa
obsahUJe 520 mg methioninua 100 g p3eniéného chleba
obsahUJe 104 mg methioninu. Potrava bohaté na bilkovi-
Ny poZita v prabéhu testu by mohla zvy3it koncentrace
thomocysteinu o 15-20 % (Guttormsen etal. 1994).

Pfijem tekutin neni omezen objemem, ale pacient se musi
vyvarovat miécnych ndpojd i ndpojd s nizkym podilem mié-
ka jako je bila kdva nebo capuccino. Dale jiz neni vhodnym
napo;em dzus nebo koncentrované ovocné a zeleninové
$Stavy. Uvedené napoje by mohly byt nezadoucim zdrojem
methioninu a jejich poZiti by vedlo ke zkresleni vysledk.
[Pacremum doporucujeme mineraini vody bez pfichuti, &er-
lnou kdvu a ¢aj, hofky nebo oslazeny.

- 6.Indikace methioninového zat&3ového testu: Ame-
(lcka kardiologicka asociace AHA zatim nedoporucuje vy-
Setfovat koncentrace homocysteinu formou celoplosného
screeningu. Prdvé probihajici prospektivni studie rozhod-
nou, zda soudasné stanovisko bude platiti nadale. Vy3etfe-
fikonicentraci homocysteinu nalacno je doporuéeno u téch-
bosob: pacienti s rizikovou rodinnou & osobni anamnézou
krdiovaskularniho onemocnéniv miadsim véku, pacienti
§malnutric;’ a malabsorpci, u kterych predpokladame niz-
!iou saturaci vitaminy B6, B12 a kyseliny listové, pacienti
shypotyredzou, chronickym renalnim selhanim, systémo-

vym lupus erytematodes, u pacientd lécenych kyselinou
nikotinovou, teofylinem, pryskyficemi, metotrexatem nebo
derivaty L-dopy. Provedeni methioninového testu je dopo-
ruCeno u pacientl s vysokym aterogennim rizikem a nor-
malni hladinou plazmatického homocysteinu nalacno (Ma-
linowetal. 1999).

Autor ve svém doporudéeni pfesnéji nedefinoval véko-
vou hranici odpovidajici mlad§imu véku pro riziko kardio-
vaskularniho onemocnéni. My se domnivame, Ze plaz-
maticky homocystein nalacno a po methioninové zaté3i
by mél byt vySetfen u muz(, u nichz doslo ke kiinické
manifestaci aterosklerdzy pfed 55. rokem Zivota, a u en,
u kterych doslo k rozvoji onemocnéni pred 60. rokem,
zejména pokud dal3i zndmé rizikové aterogenni faktory
jsou v rozmezi normalnich hodnot nebo pouze mirng zvy-
Sené.

7. Nacasovani testu: Vétiina autorli neprovadi methio-
ninovy z&téZovy test bezprostfedné po infarktu myokar-
du nebo cévni mozkové pfihodé. Vypovédni hodnota vy-
Setfeni koncentrace homocysteinu v tésné Gasové
souvislosti s akutni ischémii a rizikovost methioninové
zatéZe v tomto obdobi zatim nejsou jednoznadné posou-
zeny. Je prokazano, ze u nemocnych po prodélané cévni
mozkové prihodé stoupé plazmaticks koncentrace homo-
cysteinu s asovym odstupem jeden a pdl az dva roky od
ataky (Lindgren etal. 1995). Studie samozfejmé nedo-
kazala posoudit, jaké byly koncentrace homocysteinu
pred manifestaci onemocnéni.

8. Kontraindikace: V dostupnsé literatufe se nam nepo-
darilo nalézt absolutni kor traindikace podavani methioni-
nu a provedeni methioninového zatéZového testuy.

Z informaci firmy vyrabéjici methionin v tabietové for-
mé vyplyva, Ze methionin neni vhodné podavat pacientiim
s metabolickou acid6zou, pacientm s renaini tubulami
acidozou a pacientdm s t&zkym jaternim selhanim (Dédi-
na 1995).

9. Klinické neZadouci Géinky methioninu: Cesky lé-
kopis ani Eetné zahraniéni studie, do kterych byly zafa-
zeny tisice pacientt, se nezminuji o 4dnych zavaznych
neZadoucich Géincich podavani methioninu. Ojedinéle
byly popisovany pouze nauzea a pyréza, které mohou
byt do jisté miry vyvolany nepfijemnou chuti methioninu
a lokélnim drazdénim Zaludedni sliznice. V na&f studii
jsme vysetfili celkem 589 zdravych kontrol a 298 paci-
entl; asiu 15 % z osob zatfZenych methioninem se vy-
skytly tyto neZaddouci Gginky: nauzea, bolest hlavy, ospa-
lost a vertigo.

10. Subklinické G&inky methioninu: Studie 0ginkd me-
thioninu a homocysteinu na buné&né Grovni pfinesou roz-
hodnuti, zda je podani methioninu vskutku tak bezpecné,
jak uzaviraji dosavadni klinické vysledky. Z publikacf, které
se vénovaly studiu methioninem indukované hyperhomo-
cysteinémie, vyplyvaji dali mozné G&inky methioninu
a jeho metabolitd, v prvni fadé homocysteinu, na lidsky
organismus. Methionin v ddvce 50 mg/kg nevede ke
zvySenikonentrace volnych endotelii, aviak davka 100 mg/
kg zvy3eni vyvolava (Hladovec et al. 1999). Podani methio-
ninumuZe v experimentu vyvolat endoteliaini dysfunkci -
poruchu endotelium-dependentni vazodilatace, ktera je
pravdépodobné vyvolana ovlivnénim metabolismu oxidd
dusiku (Chao etal. 2000). Jeden tyden trvajici terapie vita-
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minem C v davce 1g/den (Chambers et al. 1999a) nebo
jednorazoveé soucasne s methioninem podana kyselina lis-
tové v davce 20 mg (Usui et al. 1899) vedly k zmirnéni
respektive Uplnému potlaceni poruchy endotelium-depen-
dentni vazodilatace. Tize poruchy endotelium-dependent-
ni vazodilatace byla umérna pfirdstku koncentrace homo-
cysteinu po methioninové zatézi, koncentraci homocysteinu
nalaéno a véku (Lambert et al. 1997). Endotelium-non-
dependentni vazodilatace neni methioninovou zatézi oviiv-
néna(Kananietal. 19399).

Jedna studie sledovala viiv fyziologického narGstu plaz-
matické hladiny homocysteinu po pfijmu zivocisnych bilko-
vin na endotelidini dysfunkci u zdravych lidi. Zdravé kontroly
snédly libové kureci maso (1 porce predstavovala 550 g
masa), tedy kaZdy vySetreny byl zatizen asi 3,2 g methioni-
nu. Homocystein stoupl v priméru asi o 2 pmol/l. Sledova-
néa porucha endotelium-dependentni vazodilatace pfimo
zavisela na prirdstku koncentrace plazmatického homocys-
teinu (Chambers et al. 1999b).

11. Hodnoceni methioninové zatéze a normy: Koncen-
trace homocysteinu nalacno zavisi pfimo na véku a pohla-
vi, u Zen stoupa po menopauze (Mayeretal. 1999, Ueland
aRefsum 1989).

Arbitrarni déleni podle Kanga povazuje za normaini
plazmatickou koncentraci homocysteinu rozmezi 5-15
wmol/l nala¢no. U mirné hyperhomocysteinémie je
koncentrace zvy$ena na 15-30 pmol/l, u stfedni hy-
perhomocysteinémie se koncentrace pohybuje mezi 30-

100 umol/l. Tézka hyperhomocysteinémie je charakteri-
zovana koncentracemi vy3§iminez 100 pmol/1, které jsou
typické pro metabolické onemocnéni homocystinurii (Kang
etal. 1992). Hladina homocysteinu nala¢no ani po zatézi
neniv populacirozdélena normainé podie Gaussovy kfiv-
ky. nybrz je seSikmena doprava. Proto je vhodnéjdi normu
vyjadrit pomoci 85-90. percentilu event. 4. kvartilu nebo
5.kvintilu rozloZeni hodnot ziskanych Setfenim u normaini
populace.

V nasi studii byly vySetreny koncentrace homocysteinu
nalaéno a po 6 hodindch methioninové zatéze u kontrolni
skupiny &itajicf 589 zdravych lidi. Vysledky jsou zpracova-
ny v tabuice 1 a 2. S rostoucim vékem stoupaji i koncent-
race plazmatického homocysteinu. Zeny pfed menopau-
zou maji niZ§i koncentrace homocysteinu nalacno i po
z4téZi neZ muzi, po menopauze se rozdil mezi pohlavimi
v koncentracich nalaéno vyrovnava. Po methioninovém
testu dosahuji postmenopauzaini zeny vys$sich koncentra-
cinez muzi srovnatelného véku.

Tab. 1: Koncentrace celkového plazmatického homocysteinu u zdra-
vé populace Ceské republiky nalagno. S ohledem na vztah véku a
koncentrace plazmatického homocysteinu byli vySetfeni rozdéleni

do 3 vékovych skupin

Pohlavi Vék Pocet | Promér {Median| 90 % | 95 %
n=589 | (umol/l)
Muzi 18-35 42 | 10,3 |10 | 12,9 |14.0
36-50 | 110 | 10.8 }10.3 | 13,7 [ 14.9
5§1-65 | 132 | 10.8 | 101 | 14.9 |16.4
Zeny 18-35 50 8.9 8.56. | 12.2 |14.8
36-50 | 120 8.8 8.5 | 1.5 | 131
51-65 | 135 | 10.3 8.5 | 13,9 [16.7

Tab. 2: Koncentrace celkového plazmatického homocysteinu u zdra-

vé populace Ceské republiky po 6 hodinach methioninového testu

Pohlavi Vék | Pocet | Pramér [Median| 90 % | 95 %
n=589 | {umol/t) ]
Muzi 1835 | 42 | 37 |33.56 |52.9 1566
36-50 | 110 | 37.9 | 354 | 49,3 (56,5
§1-65 | 132 | 36,1 |34.4 | 482 |55.6
Zeny 18-35 50 | 24.4 326 | 516 [56.5
36-50 | 120 | 34,7 |33.0 | 505 |58.7
51-65 | 135 | 43,5 [39,2 |62.4 (72,4
ZAVER

Homocystein nalaéno i po stimulaci methioninovym
zatézovym testem by mél byt v dnesSni dobé vySetien
u rizikovych skupin jmenovanych v doporuceni AHA. Pro-
vedeni methioninového zatézového testu neni provazeno
podie dostupné literatury vyznamnymi komplikacemi. Po-
tvrdi-li prospektivni studie mirnou hyperhomocysteinémii
jako skutecné riziko vzniku aterosklerdzy. pak je methioni-
novy zatézovy test elegantnim prostfedkem k diagnostice
poruch metabolismu homocysteinu u osob, u kterych mo-
hou byt hodnoty homocysteinu nalacno v normé.
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Methionine-loading test: evaluation of adverse effects
and safety in an epidemiological study

L. KRUPKOVA-MEIXNEROVA,* K.VESELA," A.VITOVA,T B. JANOSIKOVA, * M. ANDEL," V. KOZICH*

*Institute of Inherited Metabolic Diseases, Charles University- Ist Faculty of Medicine, Prague, Czech Republic; ’2nd Department of
Internal Medicine, Charles University-3rd Faculty of Medicine, Prague, Czech Republic (Correspondence to: VK, Institute of IEM,
Charles University, Tst Faculty of Medicine, Ke Karlovu 2, 128 08 Praha 2, Czech Republic)

Abstract— Background- Methionine loading test is commonly used to detect hyperhomocysteinemia in patients with
arteriosclerosis and other conditions. As administration of methionine causes endothelial dysfunction in laboratory ex-
aminations, we explored whether loading with this compound leads to clinically relevant adverse effects, especially in
vasculature. Methods and results: When studying genetic factors in arteriosclerosis we recorded acute complications
during a standard methionine loading test (with a dose of 100 mg/kg bw) and assessed a 30-day mortality in a group
of 296 patients with coronary artery or peripheral arterial disease and in 591 controls. Acute complications were ob-
served in 33% of the women and 16.5% of the men. For each sex, the patients and controls exhibited the same propor-
tion of complications. The most common symptom, dizziness, was attributable to methionine loading. In addition,
isolated sleepiness, nausea, polyuria and decreased or increased blood pressure were observed in part of the subjects.
None of the 887 individuals died within the 30-day period following the test. Conclusion: Our study suggests that
although standard loading with L-methionine frequently causes transitory complications impairing perception and
vigilance, the test does not have serious adverse effects on vasculature and may be considered a safe procedure.
© 2002 Elsevier Science Ltd.

Key words: homocysteine, methionine loading test, — Heart Association, the MLT should be performed in
arteriosclerosis, adverse effects, safety, mortality persons with high risk of arteriosclerosis and normal
fasting total homocysteine concentrations (11).
Different MLT protocols are used by different
Introduction investigators (12). The most common protocol includes
a single oral dose of 100mg/kg bw of L-methionine
The methionine loading test (MLT) is a widely used  dissolved in fruit juice, which is given to subjects who
diagnostic tool to detect abnormal metabolism of  have fasted overnight. Venous blood is drawn prior to
homocysteine in patients with various conditions. An  methionine administration, and then 2 to 8 hours after
oral load with L-methionine was first reported in  the load.

homocystinuric patients (1), and was subsequently Endothelial desquamation following methionine load-
adapted as a test to detect heterozygotes for homo-  ing was described two decades ago (13). Recently,
cystinuria due to cystathionine beta-synthase (CBS)  several reports showed that MLT impairs endothelium
deficiency (2, 3). dependent relaxation of larger arteries (14-17) and

Following reports on deranged homocysteine meta-  reduces cerebral blood flow (18). All these studies

bolism in patients with arteriosclerosis (4), MLT started ~ suggest that MLT, a commonly used diagnostic
to be widely used to examine the putative heterozygosity ~ procedure, may have adverse effects on vasculature.
for CBS deficiency (5) in patients with premature  These functional disturbances could be especially
arteriosclerosis (6, 7). Although subsequent molecular  important in individuals with pre-existing endothelial
studies in patients with arteriosclerosis did not confirm  dysfunction such as in patients with arteriosclerosis (19).
heterozygosity for inactivating mutations in the CBS In 1998, we initiated a study on genetic factors and
gene (8, 9), methionine loading test remained a widely =~ homocysteine metabolism in coronary artery disease
accepted procedure in arteriosclerosis research. It was  (JanoSikova et al., manuscript in preparation). At that
shown previously that elevated homocysteine concen-  time we were unable to find in the literature any detailed
tration was present in 60% of persons in fasting plasma  reports on safety and clinically relevant adverse effects
samples, while in the remaining 40% of individuals  of methionine loading on vasculature or other systems.
hyperhomocysteinemia was apparent only in the post-  To determine whether MLT may be considered a safe
load specimens (10). In the opinion of the American  diagnostic procedure we explored acute and subacute
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adverse effects and a 30-day mortality following MLT in
a cohort of 887 subjects, who participated in the genetic
study.

Subjects and methods

Subjects

All subjects were recruited for a study of genetic factors
in arteriosclerosis, which was performed in our depart-
ments between 1998 and 2000. Patients suffered from
coronary artery disease (CAD) (>50% obliteration of a
major coronary vessel on coronarography) or peripheral
arterial disease (PAD) of lower limbs (a decrease of
more than 10mm Hg in ankle blood pressure, using
Doppler examination, as compared to arm blood
pressure).

A total of 296 patients with arteriosclerosis from
Prague and central Bohemia were recruited 3 to 6
months after coronarography, acute myocardial infarc-
tion, or ultrasound of peripheral arteries. In addition,
591 controls exhibiting no clinical signs of arteriosclero-
sis and lacking a personal history of CAD, PAD, or
stroke and coming from the same geographical region
took part in the study. The controls were recruited from
health clinics, general practitioners’ offices, and com-
munity health days, and by advertising in two company
bulletins. A detailed description of both groups of
subjects is given in Table 1. The study was approved by
the Ethics Committee of Charles University, 1st Faculty
of Medicine, and all persons gave their written informed
consent prior to the MLT. The controls were paid for
their participation in the study.

Methionine loading test

Throughout the study we strictly adhered to the
protocol and excluded all non-compliant individuals
from the final analysis. The subjects fasted for at least 12
hours, from midnight they reduced the intake of fluids,
stopped smoking, and in the morning refrained from
taking any medication. After a short explanation of the
purpose of the study, subjects were informed in their

Table 1 Study subjects

Patients Controls
Number of persons 296 591
Median age 56 50
Sex, % males 82 48
Hypertension 163 (55%) 79 (13%)
Diabetes mellitus 71 (24%) 23 (4%)
CAD 278 (94%) -
- MI 208 -
- AP 65 -
- other 5 -
PAD 18 (6%) -

CAD, coronary artery disease; PAD, peripheral arterial disease; MI,
acute myocardial infarction; AP, angina pectoris.

native language about possible risks of MLT as follows:
‘Methionine intake usually does not cause serious
adverse effects in humans. Under exceptional circum-
stances methionine administration may cause short-term
stomach-ache or headache. Please advise the medical
personnel about any complaints you may have.” After it
was ascertained that subjects had adhered to the
protocol, initial objective signs were recorded. After
the first blood drawing all subjects obtained at 8am a
standard dose of methionine (100 mg/kg bw) dissolved
in 300-500 ml of fruit juice, which was consumed within
10 min. Methionine was obtained from Ajinomoto Co.,
Inc., Japan; five different lots were utilized between 1998
and 2000. Medication, if necessary, was given with a
subsequent low protein breakfast containing approxi-
mately 10 mg methionine and 350-600 kcal. Between the
first and the second blood drawing at 2pm subjects
remained ambulatory. The total blood loss during the
MLT was 2540ml. In 231 persons exhibiting mild
hyperhomocysteinemia (fasting total plasma homocys-
teine > 15umol/l), dietary measures and multivitamin
usage were recommended (11). Of these, a control MLT
was performed in 140 persons within 3-4 months.

Acute complications of MLT

To ascertain possible subjective complications the
persons were asked how they felt prior to the test,
30min after the test began, and during the physical
examination (i.e. 60~180 min after methionine adminis-
tration). The interval was proportionally shortened for
subjects complaining of any problems.

Blood pressure and heart rate were measured and
recorded at the same intervals as above. The blood
pressure and heart rate of subjects who complained of
any unusual feelings were measured more frequently. A
neurological examination aimed at cerebellar functions
was performed, including the assessment of stance, gait,
coordination, and sensation.

Analysis of subacute adverse effects and a 30-day
mortality

To examine whether MLT could result in possibie
subacute or lethal complications we combined data from
interviews during repeated methionine loading tests,
questionnaire survey and the death register search (for
details see Fig. 1). The interviews aimed at clinical
worsening of pre-existing CAD, PAD, or recurrence of
stroke, or at a novel occurrence of CAD, PAD or stroke
within 30 days after the test were performed in all
subjects presenting at a second MLT. The question-
naires, inquiring about the same putative complications
were sent to all persons who were not subjected to a
control MLT. These 747 individuals obtained, within 6—
24 months after the MLT, a simple questionnaire;
replies were received from 579 persons (a response rate
of 78%).
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Fig. 1 Analysis of subacute adverse effects and mortality. Interviews
and questionnaires contained questions on self-reported novel
occurrence, recurrence or worsening of CAD, PAD or stroke.

Mortality within 30 days after the MLT was analyzed
in all participants by combining data from interviews,
questionnaire survey and a search in death register. The
latter analysis was done in 168 individuals by submitting
their identifiers to the death register in the Institute of
Health Information and Statistics, Prague, and subse-
quent examination of the date and cause of death in
each person who was found in the register.

Statistical methods

Categorical variables were counted for each group,
proportions were expressed as percents, and the differ-
ence in distribution between groups was assessed by the
x? test. The difference in distribution of continuous
variables between groups was assessed by the Mann-
Whitney rank sum test. Tests were considered significant
at P<0.05.

Results
Acute complications of MLT

Within six hours of methionine ingestion, subjective and
objective complaints were observed in 23% of the 887
loaded subjects. The distribution of symptoms and signs
is summarized in Table 2. The major transient compli-
cations were dizziness (13%), sleepiness (4%), nausea
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(3%), and decreased or increased blood pressure (3%).
In two individuals, a serious worsening of the overall
clinical condition necessitated admission to hospital.

The symptoms and/or signs were isolated in 154
individuals, whereas in the remaining 51 persons a
combination of symptoms/signs was present. Of the 51
persons exhibiting combinations, 44 cases involved
dizziness. Table 2 shows only the major complaint from
each combination of symptoms/signs.

The prevalence of complications was significantly
lower in men than in women (16.5% vs 33%, x2=30.9,
P<0.00001). For each sex, however, the prevalence of
complications in controls was similar to that in patients
(15% vs 18% x>=0.49, P=0.48 for men, and 33% vs
30% x2=0.20, P=0.65 for women, respectively).

Dizziness: a typical complication of MLT

Dizziness was described spontancously by 13% of all
subjects as lightheadedness, insecurity in space, drun-
kenness, or motion sickness. These symptoms appeared
usually within 1-2 hours after methionine ingestion,
ranging between 30min and 4 hours. In one third of
individuals dizziness was combined with other symp-
toms, most frequently with nausea and sleepiness.

To examine the possible systemic or cerebral vascular
origin of dizziness we analyzed blood pressure, heart
rate, age, and the use of angiotensin converting enzyme
(ACE) inhibitors in individuals with and without
dizziness. The MLT did not lead to any significant
changes in systolic and diastolic blood pressure in both
groups of persons. In non-hypertensive controls, per-
sons who subsequently developed dizziness have had
significantly lower median diastolic pressure at the
baseline than individuals without dizziness (median
diastolic blood pressure 80 torr vs 85 torr, P<0.02). As
shown in Table 3 aging did not influence the prevalence
of dizziness. The use of ACE inhibitors did not change
the prevalence of dizziness as demonstrated by similar
proportion of ACE inhibitor users among hypertensive
patients who complained of dizziness and those who did
not. A more detailed neurological examination was
performed 60 to 180 min after methionine ingestion in
all individuals suffering from dizziness. Ataxia, dysme-
tria, dysdiadochokinesia, nystagmus, or abnormal pas-
sivity were = not present in these individuals
demonstrating that dizziness is not associated with a
gross cerebellar dysfunction.

Serious complications related to MLT

In two patients, serious alteration of their overall status
prompted admission to hospital. The case reports are
given below.

The first case was a 65-year-old man with a history of
coronary artery disease and peptic ulcer. Four hours
after methionine administration he complained about
weakness, nausea, stomach-ache and dizziness, without
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Table 2 Distribution of acute complications of MLT

Number of subjective complications

Number of objective complications

Decreased or

Number of Increased Serious increased Total
individuals  Dizziness Nausea  Sleepiness diuresis complications blood pressure complications
PATIENTS
Men 243 20 6 10 - 2 5 43
Women 53 8 4 2 - - 2 16
Total 296 28 10 12 0 2 7 59
CONTROLS
Men 285 24 3 9 1 7 44
Women 306 66 10 13 1 - 12 102
Total 591 90 13 22 2 0 19 146
TOTAL subjects 887 118 23 34 2 2 26 205
% of subjects 13.4 2.6 38 0.2 0.2 2.9 23.1
Table 3 Prevalence of dizziness was found unconscious near our clinic on his way home,
With Without 270 min after the beginning of MLT. He recovered
n  dizziness dizziness i’ P spontaneously within a few seconds. During a 12-day
Men admission the patient complained once more about
Age <52 235 16 219 dizziness and nausea, without unconsciousness, chest
Age 252 293 28 265 129 025  pain, or dyspnea. Laboratory tests, including CK-MB,
Women s . d th
Age <52 198 45 153 ECG, and Holter monitoring, were negative, and the
Age >52 161 29 132 12 0273  results of a neurological examination were normal. An
;lﬂdividuals treated for EEG, cerebral angiography, and MRI were recom-
I Tabbitors 101 3 88 mended but not performed. During hospital admission
Other Therapy 127 17 110 0.0l 0909 no explanation for the patient’s attack of unconscious-

x* test was used to compare the prevalence of dizziness in the group of
individuals below and above the median age (52 years); this analysis
was done separately for both sexes. In addition, prevalence of dizziness
was compared in subjects treated for hypertension by ACE inhibitors,
and by other medication. P significance of differences in proportions
between all compared groups.

chest pain or dyspnea. After vomiting repeatedly yellow
fluid without any blood admixture the patient was
admitted to hospital. His detailed history revealed that
three weeks before the MLT he had discontinued his
antiulcerogenic therapy, and in the last two weeks
before the test he observed increased frequency of
fasting and nocturnal stomach-ache. Laboratory exam-
inations including CK-MB were normal. The com-
plaints decreased a few hours after admission; the
patient was dismissed the next day, after refusing
additional examinations. The most likely cause of his
pre-admission complaints was the exacerbation of his
peptic ulcer, although a transient ischemic attack cannot
be excluded.

The second case was a 65-year-old man with a history
of hypertension, coronary heart disease treated by
bypass surgery, recurrent transient ischemic attacks,
and stroke. The patient suffered from repeated attacks
of unconsciousness of unclear cause. His morning blood
pressure on the day of the MLT (without chronic
antihypertensive medication) was 200/120 torr, and it
normalized after a single dose of captopril. The patient

ness was found. The possible causes include syncope,
uncontrolled hypertension or transient ischemic attacks.
Again, we were unable to determine whether there was a
causal relationship between the MLT and the observed
clinical problems.

Assessment of subacute adverse effects and mortality
within a 30-day period after MLT

The possibility of subacute or lethal complications of
MLT were analyzed by combining data from interviews
during repeated methionine loading tests, questionnaire
survey and death register searches (see Fig. 1). The
interviews and questionnaire replies were available in
719 individuals. None of the subjects complained about
clinical worsening of pre-existing CAD, PAD, or
recurrence of stroke, or novel occurrence of CAD,
PAD or stroke within 30 days after the test; in 38
subjects self-reported clinical worsening of arteriosclero-
sis occurred after this 30-day period.

Mortality within 30 days after the MLT was analyzed
in all participants. In the questionnaire survey two
respondents deceased due to cardiovascular complica-
tions 5 and 9 months after the MLT (the questionnaires
were returned by their relatives). In the death register we
found 3 additional patient deaths due to cardiovascular
complications, all within 57 months after the test. In
summary, no lethal complications related to the MLT
were observed in the one-month interval following
methionine loading.



Discussion

Methionine, a normal component of alimentary pro-
teins, may be considered a harmless compound. As
western diets contain 1.6-2.8 grams of methionine per
day (20) the standard dose of methionine used in MLT
(i.e. 100mg/kg) exceeds its usual daily intake approxi-
mately 2.5 to 4 times. Methionine is also used in
parenteral amino acid solutions or given orally in
dermatology. In addition, many studies employing doses
of 70-300 mg of methionine per kg were conducted in
patients with schizophrenia in the 1970s (21). Although
a variety of symptoms was observed in the latter group,
serious complications of methionine administration
were not reported in studies of schizophrenia or other
conditions.

Acute methionine administration in a dose used in our
study, however, has been shown to elicit endothelial cell
desquamation (22), and also to impair the reactivity of
major vessels due to endothelial dysfunction (14-16).
Since endothelial dysfunction is an important patho-
genic mechanism in arteriosclerosis (19), there was a
possibility that MLT might seriously impair vasculature,
especially in individuals with preexisting conditions. If
the MLT had caused significant vasoconstriction with
impaired perfusion of vascular beds, that would have
resulted in an increased prevalence of myocardial
infarction, unstable angina, or stroke, especially in
patients with arteriosclerosis.

In our analysis, we considered a 30-day interval
following the MLT to be the most likely period allowing
for manifestation of any possible serious complications

or death. By using a combination of questionnaire -

survey and a search in the death register we were able to
analyze the MLT related deaths in all subjects from the
study. In the 30-day interval none of the 887 persons in
our study died of cardiovascular or cerebrovascular
complications. This data in a large cohort of controls
and patients with CAD or PAD clearly show that
methionine loading is not associated with an increased
cardiovascular mortality.

In addition, our study did not detect any subacute
adverse effects of MLT. In 719 individuals interviews
and questionnaires did not find any single case in which
the MLT would have led to a worsening of CAD, PAD,
or cerebral ischemia in patients, or would have
precipitated the manifestation of the disease in healthy
controls. However, validity of these findings is limited
due to self-reporting and the lack of objective examina-
tions. In addition, we cannot exclude that transient non-
lethal impairment did not occur in any of the 168 non-
respondents in the survey. Nor can it be excluded that
the two serious complications, which necessitated
admission to hospital, were in fact related to the
MLT; nevertheless, these patients’ histories suggest that
these adverse reactions were a result of other conditions.
Although endothelial dysfunction was demonstrated in
other studies, our data suggest that the MLT probably
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does not impair perfusion of vascular beds to an extent
that would become clinically detectable.

By contrast, moderate adverse reactions during the
MLT were common, usually subjective, and lasted only
a few hours. Dizziness, isolated or combined with
nausea and sleepiness, was the most frequent adverse
reaction observed in our study. Interestingly, dizziness
was previously observed in 16.9% of schizophrenic
patients following methionine administration (21).
Taken together, these observations suggest that dizzi-
ness is a specific adverse reaction to methionine
administration. Since the mechanisms leading to dizzi-
ness after the MLT are unclear, we examined whether
the abnormalities in systemic or cerebral circulation may
have contributed to this symptom. In subjects complain-
ing of dizziness lower diastolic blood pressure at
baseline suggests that this symptom may in part be
associated with abnormal regulation of vessel tone. As
the MLT alters cerebral blood flow, especially in elderly
persons, and this impairment is prevented by the use of
ACE inhibitors (18), we also analyzed the role these
variables played in the prevalence of dizziness. Neither
the age nor the use of ACE inhibitors influenced the
prevalence of dizziness; therefore, these data do not
support the hypothesis that dizziness was caused by
impaired cerebral blood flow. In summary, we did not
observe impaired systemic or cerebral circulation as a
cause of dizziness; the mechanism(s) leading to dizziness
during MLT remain to be determined. -

Additional transitory complications of MLT included
isolated nausea, sleepiness and polyuria. Isolated nausea
may have been related to the intake of large volumes of
fruit juice and an unusual low-protein breakfast.
Sleepiness alone seems to be attributable to the
disturbed biorhythm, especially in individuals coming
for the MLT after night shifts or travelling to Prague
from distant parts of central Bohemia. Since there was
no measurement of urine volume during the MLT the
two complaints of polyuria were not verified, and their
relation to the MLT remains unclear.

To conclude: in a large group of 887 individuals,
transitory subjective complications of the MLT were
observed in 1/3 of the women and 1/6 of the men.
Dizziness seems to be the most common and specific
adverse effect of the MLT. None of the individuals
reported worsening or novel occurrence of arteriosclero-
sis, and none of the study subjects died due to
cardiovascular complications in the one-month period
following the MLT. All these data suggest that MLT
may be considered a safe procedure.
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Abstract

It is unresolved whether elevated homocysteine in coronary artery disease (CAD) is the cause of arteriosclerosis or its conse-
quence. In contrast, genetic variants of enzymes that metabolize homocysteine cannot be altered by arteriosclerosis. Consequently,
their association with CAD would permit to imply causality. We modeled by regression analysis the effect of 11 variants in the
methionine cycle upon CAD manifestation in 591 controls and 278 CAD patients. Among the examined variants only the carri-
ership for the c.844ins68 in the cystathionine B-synthase (CBS) gene was associated with a significantly lowered risk of CAD
(OR =0.56; 95% CI=0.35-0.90 in the univariable, and OR =0.41, 95% CI=0.19-0.89 for obese people in the multivariable
analysis, respectively). Healthy carriers of the ¢.844ins68 variant exhibited, compared to the wild type controls, significantly higher
postload ratios of blood S-adenosylmethionine to S-adenosylhomocysteine (61.4 vs. 54.9, p = 0.001) and of plasma total cysteine to
homocysteine (8.6 vs. 7.3, p = 0.004). The changes in these metabolites are compatible with an improved methylation status and
with enhanced activity of homocysteine transsulfuration. In conclusion, the coincidence of clinical and biochemical effects of a
common c.844ins68 CBS variant supports the hypothesis that compounds relating to homocysteine metabolism may play role in the
development and/or progression of CAD.
© 2003 Elsevier Science (USA). All rights reserved.
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Introduction

The causes of arteriosclerosis, and in particular of the
coronary artery disease (CAD) have been extensively
studied in the past few decades. However, the currently
recognized risk factors explain only about one half of
the arteriosclerosis incidence [1], and additional risk
factors are searched for. Mildly elevated plasma
homocysteine concentration has been consistently as-
sociated with vascular disease in a number of epidemi-
ological observations with retrospective design [2]. In

*Corresponding author. Fax: +420/224919392.
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studies with prospective design the association of
hyperhomocysteinemia with vascular disease is weaker,
nevertheless it is statistically significant in most cases
[3,4]. However, it is currently unknown whether homo-
cysteine is a primary cause of arteriosclerosis [2,4] or
whether it is only a secondary marker of the vascular
disease [5].

In contrast to metabolite levels that can change sec-
ondarily due to the vascular disease itself [6,7], allelic
variants in enzymes metabolizing homocysteine are fixed
at conception and do not change throughout life. As-
suming “‘mendelian randomization,” association of ge-
netic variants with the studied trait in case-control
studies may suggest causality [8]. Therefore association
of polymorphisms of the methionine cycle with CAD, if
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observed, would suggest that genetically determined al-
terations in metabolism of homocysteine and related
compounds are the cause or modifier of arteriosclerosis
rather than its consequence.

Approximately 10 common genetic variants in the
enzymes of the methionine cycle have been reported
[9,10]. Only the c.677C >T variant in the methylene-
tetrahydrofolate reductase was extensively studied in
arteriosclerosis. Its association with CAD was lately
established in a large meta-analysis [11] involving 11,162
cases and 12,758 controls. This meta-analysis [11] esti-
mated that OR for 677TT genotype vs. 677CC genotype
was 1.16 (95% CI 1.05-1.28). The association of com-
mon polymorphisms in other genes of the methionine
cycle with arteriosclerosis was analyzed in only a limited
number of studies and remains to be determined.

In our study we examined the association of selected
genetic variants in the methionine cycle with the risk of
CAD. We analyzed the prevalence of five rare and of six
common allelic variants in the cystathionine B-synthase
(CBS), methylenetetrahydrofolate reductase (MTHFR),
methionine synthase (MTR) and methionine synthase
reductase (MTRR) genes in 278 patients with CAD and
591 controls. All study subjects underwent the standard
methionine loading test (MLT) with determination of
plasma homocysteine and other aminothiols, and of
selected vitamins. The association of the genetic variants
with the risk of CAD was modeled by multivariable
logistic regression analysis to account for conventional
risk factors and other confounders. Only one variant
was consistently associated with a decreased risk of
CAD. In a subset of controls carrying this variant and in
closely matched wild type controls we determined the
blood concentrations of additional intermediates of the
methionine cycle. Based on these analyses, we hypoth-
esize on the possible role of homocysteine and related
sulphur metabolites in arteriosclerosis.

Methods
Subjects

Patients were recruited from the Cardiology De-
partment of the 2nd Clinic of Internal Medicine, Faculty
Hospital Kralovské Vinohrady in Prague. CAD was
diagnosed according to WHO criteria, and one or more
large stenoses of a major coronary vessel was confirmed
by coronarography in all 278 patients. In addition, 591
controls lacking a personal history of CAD, peripheral
arterial disease or stroke were recruited from health
clinics, general practitioners’ offices, on community
health days, and by advertising in company bulletins.
The study was approved by the Ethics Committee of
Charles University—1st Faculty of Medicine; all subjects
gave their written informed consent.

Methionine loading and laboratory tests

All study subjects underwent a standard MLT with
100mg/kg b.w. of L-methionine. Venous blood was
collected by venepuncture prior to the test and 6 h after
the methionine administration. Aliquots of whole blood
were deproteinized within 2 min after the collection by
the same volume of 5% perchloric acid, plasma samples
were obtained by centrifugation within 30 min after the
collection. The fasting blood samples were used for
routine biochemical and hematological tests and for
determination of erythrocyte and plasma folates, vita-
min Bj,, and Bg (pyridoxal 5’ phosphate). Plasma total
and blood non-protein-bound aminothiols homocys-
teine (Hcy), cysteine (Cys), and glutathione (GSH) were
determined by the previously published HPLC method
[12]. Selected deproteinized blood samples were used for
determination of S-adenosylmethionine (AdoMet) and
S-adenosylhomocysteine (AdoHcy) by tandem mass
spectrometry [13]. The intraday and interday coefficients
of variation were 6.7 and 7.5% for AdoMet, and 3.9 and
10.4% for AdoHcy, respectively.

Genetic analyses

In all study subjects we determined 11 genetic vari-
ants in four enzymes of the methionine cycle. We used
PCR with allele specific primer pairs (ARMS-PCR) to
examine the following five rare pathogenic homocys-
tinuric mutations ¢.341C>T (A114V), ¢.833T>C
(I278T), ¢.919G > A (G307S), ¢c.1330G > A (D444N),
and IVS11-2A > C in the CBS gene. Using ARMS-PCR
we also examined the presence of 6 common polymor-
phisms: ¢.[833T > C;844ins68] in the CBS gene (further
abbreviated as c.844ins68), c.677C >T (A222V), and
c.1298A > C (E429A) in the MTHFR gene, ¢.2756A >
G (D919G) in the MTR gene and c.66A > G (I122M) and
¢.524C>T (S175L) in the MTRR gene. Sequences of
PCR primers and conditions for amplification can be
found in Tables 1 and 2.

Statistical analyses

Descriptive characteristics, metabolite levels and ge-
notype frequencies between patients and controls were
compared by univariable analyses using y*> or Mann—
Whitney test, when appropriate. The association of the
common genetic variants with the risk of CAD was
modeled by logistic regression analysis. As a measure of
this association we calculated odds ratios for individuals
homozygous for the rare allele in comparison to indi-
viduals homozygous for the wild type allele. Two poly-
morphisms with the frequency of the rarer allele below
0.2 (the c¢.844ins68 in the CBS and the ¢.2756A > G in
the MTR genes, respectively) yielded too few homo-
zygotes; for these polymorphisms we combined all car-



Table 1
Primers sequence
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# Forward primer (5 — 3') Reverse primer (5 — 3') Length (bp)

CBS mutations

G307S 1 ACAACCTACGAGGTGGAAGGGAAC(GorA) CGGGGCCTTAATTTTCACACGTTTT 328

Al114V 2  TGGCCAAGTGTGAGTTCTTCAAAG(CorT) CGGATGTCGGCTCGATAATCGTGTC 126

D444N 3 GAGATCCTCCGGGAGAAGGGCTAC(GorA) GAGGTCTGAGGGCCTGGAGTGAGCA 272

IVS11-2A>C 4  CCCCCCGACCTGCCCTCTTCCCCC(AorC) TGGGCAGACAGAACCCAGGACTGAG 210

1278T 5 CCTGAAGCCGCGCCCTCTGCAGATAA(TorC) GTGGCCGGGCTCTGGACTCGACCTACC 174, 242

Polymorphisms

CBS c.844ins68 6 CTGCCTTGAGCCCTGAAGCC CTGGACTCGACCTACCGTCCT 174, 242

MTHFR 7  AGGAGAAGGTGTCTGCGGGTG(CorT) AGGACGGTGCGGTGAGAGTG 195
c.677C>T

MTHFR 8  GGGAGGAGCTGACCAGTGAGG(AorC) GGGGCAGGGGATGAACCAG 127
c.1298A>C

MTR 9 GGAAGAATATGAAGATATTAGACACG(AorG) GACACTGAAGACCTCTGATTTGAAC 204
c.2756A>G

MTRR 10 CCCAAGTAGTTTCGAGCCGATCATCTG AATCCATGTACCACAGCTTGCTCAAA(TorC) 368
c.66A >G

MTRR 11 ATTCCGAATGGTCTTCATAG CACAAGGTCTGTCCGC(AorG) 272
c.524C>T

Table 2

PCR conditions

Primer pair(s) # Concentration of

Reaction Cycling conditions

dNTPs, pM  Primer, pmol MgCl,, mM  Additives Polymerase, U v;)lume,
each K

2,3,5 200 10 5.75 or 4.5% 5% DMSO 2.5 KlenTaq 20 95/20's, 40 x (95/5s, 68/155),
68/10 min

1,4 200 10 3.5 2.5% AA 2.5 KlenTaq 20 95/20's, 35 x (95/55, 66/8s, 72/155),
72/10 min

6 200 5 1.8 — 1.0 Taq 25 95/2min, 35 x (94/15s, 62/30s,
72/405), 72/5min

7,8 100 10 1.0 — 1.0 Taq 10 94/20's, 40 x (94/10s, 63/10s,
72/205), 72/10 min

9 200 10 3.5 — 1.25 KlenTaq 10 95/20's, 35 x (95/5s, 59/10s, 68/255),
68/10 min

10 200 10 3.5 5% DMSO 1.25 KlenTaq 10 95/205, 35 x (95/5s, 59/10s, 68/255),
68/10 min

11 200 10 4.5 10% AA 1.25 KlenTaq 10 95/20's, 40 x (95/55, 55/5s, 68/105),
68/10 min

All reactions were performed using 1x reaction buffers supplied with enzymes; KlenTaq polymerase was from Ab Peptides (St. Louis, MO), Taq

polymerase was from Promega (Madison, WI).

DMSO, dimethyl sulphoxid; AA, acetamide; * different MgCl, concentrations for amplification of normal or variant allele, respectively.

riers of the rare allele (i.e., both homozygotes and het-
erozygotes) and the odds ratios were calculated for the
carriers compared to the wild type homozygotes. To
eliminate possible confounding by the known risk fac-
tors the univariable logistic regression analysis was
complemented with a multivariable logistic regression
model allowing for interactions. The variables included
together with the genetic factors into the latter model
were age, sex, BMI, waist-to-hip ratio (WHR), hyper-
tension, diabetes, hyperlipidemia, smoking and alcohol
consumption. The concentrations of selected metabo-
lites in CBS c¢.844ins68 carriers, and in their age-, sex-,
MTHFR genotype, and menopause status-matched wild

type homozygous counterparts were compared by Wil-
coxon signed rank test.

All statistical analyses were carried out using S-plus
and R software, the tests were performed at a 5% level of
significance.

Results
Study subjects

The distribution of clinical risk factors in 278 patients
with coronary artery disease and in 591 controls is
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presented in Table 3. As expected, the major conven-
tional risk factors were more prevalent among the pa-
tients than in the controls. The aminothiol and vitamin
concentrations in studied subjects are presented in Table
4. The patients exhibited higher median levels of ho-
mocysteine, cysteine and glutathione, both before and
after methionine load. Although the concentrations of
plasma vitamin Bg and plasma and erythrocyte folate
were not different, the concentrations of plasma vitamin
B, were significantly lower in patients.

Prevalence of genetic variants

The prevalence of the 11 examined allelic variants in
the CBS, MTHFR, MTR, and MTRR genes is sum-

marized in Table 5. We first determined the prevalence
of 5 selected pathogenic mutations in the CBS gene to
test whether heterozygosity for CBS deficiency may
contribute to CAD. Since only one CAD patient was
heterozygous for the ¢.833T > C transition, we conclude
similarly to other studies [14,15] that heterozygosity for
these selected inactivating mutations in the CBS gene is
not a significant contributing factor to the development
of CAD in our population. We next determined the al-
lelic frequencies of the six common polymorphisms in
the CBS, MTHFR, MTR, and MTRR genes. The allelic
frequencies were not statistically different between pa-
tients and controls with the exception of the ¢.844ins68
variant in the CBS gene and the c.66A > G variant in
the MTRR gene, which both were more common in
controls.

Table 3
Characteristics of studied subjects

Patients with CAD Controls P
Number of individuals 278 591
Males, % 84 (79;88) 48 (44;52) <0.0001
Age, median, years 56 (51;61) 50 (42;55) <0.0001
WHR, median, m/m 0.94 (0.90;0.97) 0.85 (0.80;0.91) <0.0001
BMI, median, kg/m? 28.1 (26.0;30.8) 25.9 (23.4;28.4) <0.0001
Smoking status, current + former, % 82 (76;86) 42 (38;46) <0.0001
Smoking®, median, packyears 9500 (5100;13,900) 4200 (1650;7950) <0.0001
Abstinents, % 34 (28;40) 31 (27;35) 0.446
Alcohol consumption®, median, g/week 114 (44;200) 95 (40;187.5) 0.150
Hyperlipidemia, % 78 (72;82) 24 (21;28) <0.0001
Hypertension, % 56 (50;62) 13 (11;16) <0.0001
Diabetes mellitus, % 25 (20;30) 4 (3;6) <0.0001
Multivitamin intake, % 20 (16;25) 27 (24;31) 0.0263

Data presented as medians or proportions with 1st and 3rd quartile or 95% CI in parentheses.
A diagnosis of hypertension, diabetes mellitus, or hyperlipidemia was defined as receiving current treatment for or having a past history of the

condition.

WHR, waist/hip ratio; BMI, body mass index; CAD, coronary artery disease.
* Univariable analysis for difference in proportions or medians by 7 or Mann-Whitney test for discrete and continuous variables, respectively.

#Current and former smokers only.
®Non-abstinents only.

Table 4
Aminothiol and vitamin concentrations in studied subjects

Fasting concentrations

Concentrations 6 h after the methionine load

Patients with CAD Controls * Patients with CAD Controls p*
(n=278) (n=1591) (n=278) (n=1591)
Plasma tHcy, mol/L 11.5 (9.9;14.9) 9.5 (8.1;11.2) <0.0001 38.9 (32.8;48.7) 35.0 (29.6;42.7)  <0.0001
Plasma tCys, pmol/L 338 (305;374) 299 (274;328) <0.0001 315 (287;348) 279 (254;306) <0.0001
Blood fGSH, umol/L 1086 (897;1239) 974 (781;1193) <0.0001 1079 (930;1232) 995 (758;1169) <0.0001
Ratio of tCys to tHcy 29.1 (23.5;33.4) 31.6 (26.6;36.5) <0.0001 8.2 (6.7;9.5) 8.1 (6.6;9.4) 0.368
Plasma folates, nmol/L 14.3 (10.2;19.5) 14.3 (10.8;18.5) 0.898
Erythrocyte folates, 752 (607;936) 735 (596;923) 0.658
nmol/L
Plasma vitamin Bg, 9.5 (5.4;,13.3) 9.9 (6.7;13.6) 0.066
umol/L
Plasma vitamin By, 262 (200;340) 280 (215;363) 0.012
pmol/L

Data are presented as medians and 1st and 3rd quartile in parentheses.

tHcy, total homocysteine; tCys, total cysteine; f{GSH, non-protein bound (free) glutathione.
* Mann-Whitney test for differences in medians between CAD patients and controls.
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Table 5
Prevalence of genotypes

171

Allelic variant P Patients with CAD (n = 278) Controls (n = 591)
Observed genotypes 1o Observed genotypes 1t
WIwW W/M M/M 95% CI W/IW W/M M/M 95% CI
CBS 0.699 277 1 0 0.002 591 0 0 0.000
Five pathogenic mutations® (0.00-0.01) (0.00-0.004)
CBS c.844ins68 0.014 253 25 0 0.045 501 88 2 0.078
del > ins® (0.03-0.07) (0.06-0.09)
MTHEFR ¢.677C>T 0.897 123 117 38 0.347 245 287 59 0.343
A222V (0.31-0.39) (0.32-0.37)
MTHEFR c.1298A > C 0.156 143 108 27 0.291 264 268 59 0.327
E429A (0.25-0.33) (0.30-0.35)
MTR ¢.2756A > G 0.999 183 82 13 0.194 386 182 23 0.193
D919G (0.16-0.23) (0.17-0.22)
MTRR c.66A >G 0.094 60 134 84 0.457 84 320 187 0.413
122M (0.41-0.50) (0.38-0.44)
MTRR ¢.524C>T 0.374 128 106 44 0.349 241 260 90 0.372
S175L (0.31-0.39) (0.34-0.40)

Data presented as numbers of individuals with the respective genotype (W, wild type allele; M, variant type allele).
All alleles except for MTRR alleles were in Hardy—Weinberg equilibrium among both controls and patients.
CBS, cystathionine B-synthase; MTHFR, methylene tetrahydrofolate reductase; MTR, methionine synthase; MTRR, methionine synthase

reductase.

" Difference in frequencies of the rare allele between CAD patients and controls assessed by 7 test.

#The five mutations analyzed were: ¢.833C > T (1278T), ¢.919G > A (G307S), ¢.341C > T (A114V), ¢.1330G > A (D444N), and IVS11-2A > C;
only one heterozygotes for ¢.833C > T (I1278T) was found among the patients.

®f, prevalence of the rare allele in the respective group with 95% CI given in parentheses.

“del > ins indicates a change in genotype, from wild type to c.[833C;844ins68].

The distribution of genotypes followed the Hardy-—
Weinberg equilibrium (HWE) in the CBS, MTHFR,
and MTR genes. In contrast, the genotype distribution
of polymorphisms in the MTRR gene departed from
HWE (the c.66A > G in controls and the ¢.524C > T in
patients) prohibiting thus a reliable interpretation of
their role in CAD.

The homozygosity for the widely studied ¢.677C > T
variant in the MTHFR gene was associated with a sta-
tistically non-significant 28% increase of CAD risk in
our study. However, data from our study were included
into a large meta-analysis [11], which confirmed that the
homozygotes for ¢.677C > T variant had a significantly
higher risk of CAD than wild type homozygotes.

In each of the MTHFR and MTRR genes, we ana-
lyzed two different polymorphisms. Similarly to other
studies [16,17] we observed a strong linkage disequilib-
rium between the c.677C>T and the c.1298A >C
polymorphisms in the MTHFR gene. In contrast, the
analysis did not reveal linkage disequilibrium between
the c.66A >G and c.524C>T polymorphisms in the
MTRR gene.

We also examined the prevalence of individual vari-
ants after stratification by age and sex (data not shown).
Among the six common genetic variants only the prev-
alence of carriers of the CBS c.844ins68 variant seemed
to change with age. To analyze the changes of popula-
tion prevalence of the ¢.844ins68 variant with age over a
larger interval, we combined data from this study with

results from other studies performed in our laboratory
(data not shown). The prevalence of the variant allele in
the pooled controls group (n = 1997) oscillated around
12% between birth and 45 years of age while it increased
to 16% in the oldest group (> 45 years); this difference
remained nonetheless non-significant (p value 0.25 for
the overall difference, 0.11 for two-sided Cochran—Ar-
mitage linear trend test). In summary, the different
prevalence of the CBS c.844ins68 variant in patients and
controls, and the possible change with age suggest that
this variant may provide protection against CAD.

Modeling the risk of CAD by logistic regression

The main aim of our study was to examine whether
the common allelic variants in the enzymes of the me-
thionine cycle modulate the risk of CAD. In the uni-
variable logistic regression analysis only the carriership
for the c.844ins68 variant in the CBS gene was signifi-
cantly associated with CAD exhibiting a protective effect
with an OR=0.55 (95% CI1=0.35-0.88, p=0.015).
Furthermore, the analysis revealed that the conventional
cardiovascular risk factors were associated with an in-
creased risk of CAD (see Table 6).

The association of the genetic variants with CAD was
also modeled by a multivariable logistic regression
analysis to minimize the confounding by established risk
factors, and to allow for interactions (see Table 6). The
protective effect of the CBS ¢.844ins68 variant remained
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Table 6
Estimates of CAD risk

Factor Unit of change Univariable analysis Multivariable model with interactions
Change in OR 95% CI1 Change in OR 95% CI
Conventional risk factors
Gender Female vs. male 0.18 (0.12;0.25) 0.24 (0.13;0.46)
Age Per 10 years 3.28 (2.62:4.11) 2.58 (1.84;3.60)
Exposure to smoking Per 1000 packyears 1.18 (1.15;1.22) 1.14 (1.10;1.18)
Alcohol Per 100 grams per week 1.00 (0.90;1.12) 0.70 (0.59;0.83)
Hypertension Yes vs. no 8.41 (6.01;11.76) 6.99 (4.43;11.02)
Hyperlipidemia Yes vs. no 10.81 (7.70;15.19) 4.48 (2.79;7.20)
Diabetes Yes vs. no 8.15 (4.95;13.42) 2.82 (1.46;5.44)
BMI Per 0.1 increase 1.13 (1.09;1.17) n.s.
WHR Per 0.1 increase 5.02 (3.88;6.50) —
For CBS 844 del/del — 2.57 (1.32;5.03)
For CBS 844 del/ins + ins/ins — 0.51 (0.12;2.24)
Genetic factors
CBS c.844ins68 (ins/ins + ins/del) vs. del/del 0.56 (0.35;0.90) —
For WHR < 0.85 — 2.07 (0.56;7.75)
For WHR >0.85 — 0.41 (0.19;0.89)
MTHEFR c.677 T/T vs. C/IC 1.28 (0.81;2.04) n.s.
MTHEFR c.1298 C/C vs. AIA 0.84 (0.51;1.39) n.s.
MTR c.2756 (G/IG+G/A) vs. AIA 0.98 (0.72;1.32) n.s.
MTRR c.66 G/G vs. A/IA 0.63 (0.41;0.96) 0.50 (0.26;0.97)
MTRR c.524 T/T vs. C/IC 0.92 (0.61;1.40) n.s.

The logistic regression was employed for multivariable analysis. The model was composed of the variables gender, age, exposure to smoking,
alcohol consumption, hypertension, hyperlipidemia, diabetes, and BMI as linear regressors, MTHFR ¢.677, MTHFR ¢.1298, MTR ¢.2756, MTRR
c.66 and MTRR c.524 with dose-response effect assumption and one interaction between WHR and CBS ¢.844ins68 carriers. The OR estimates in
the multivariable analysis were computed after exclusion of the statistically non-significant variables from the model. The statistical significance level

was set to 5%.

WHR, waist/hip ratio; OR, odds ratio; CI, confidence interval; CBS, cystathionine B-synthase; MTHFR, methylenetetrahydrofolate reductase;

MTR, methionine synthase; MTRR, methionine synthase reductase.

significant also after adjustment for age, sex, smoking,
alcohol consumption, hypertension, hyperlipidemia, and
diabetes. However, the adjustment for the WHR elimi-
nated the protective effect of c¢.844ins68 carriership in
lean individuals (i.e., with WHR <0.85), while it
maintained the protective effect in obese individuals
reaching an OR =0.41 (95% CI 0.19-0.89). The multi-
variable model also revealed that homozygosity for the
c.66A > G variant in the MTRR gene was associated
with a decreased risk of CAD (OR=0.50, 95%
CI=0.26-0.97). As genotypes for the c.66A > G variant
did not follow the Hardy—Weinberg equilibrium the
data on MTRR cannot be interpreted with confidence.

In summary, logistic regression analysis revealed that
carriership for the CBS c.844ins68 variant is consistently
associated with a decreased risk of CAD and suggests
that this genetic variant may ameliorate the develop-
ment and/or clinical manifestation of CAD.

Metabolic profile in carriers for CBS c¢.844ins68

To explore the possible mechanism(s) by which the
¢.844ins68 protects against CAD, healthy carriers for
this variant were examined for levels of intermediates
relating to homocysteine metabolism. Concentrations of

total plasma homocysteine and cysteine, and of blood
S-adenosylmethionine (AdoMet), S-adenosylhomocys-
teine (AdoHcy) and glutathione in carriers for the
¢.844ins68, and in an equal number of wild-type con-
trols matched for age, gender, menopause, and the
MTHFR 677 genotype are shown in Table 7. Compar-
ison of the main clinical characteristics between the
matched pairs did not reveal any statistically significant
differences (see footnote to Table 7). This similarity of
phenotypes permits thus to associate the possible dif-
ferences in concentrations of homocysteine-relating
metabolites with the carriership for the c.844ins68 var-
iant. Under fasting conditions, the metabolite levels
were not significantly different between carriers and the
wild-type homozygotes with the exception of blood
AdoMet. However, methionine loading revealed differ-
ent functional capacities of carriers compared to the
wild-type homozygotes. The postload samples obtained
from c.844ins68 carriers exhibited significantly lower
blood AdoHcy and plasma total homocysteine, higher
blood AdoMet with higher AdoMet to AdoHcy ratio,
and higher ratio of plasma cysteine to homocysteine. In
conclusion, the metabolic changes in carriers for the
CBS ¢.844ins68 are suggestive of an improved methyl-
ation status and of enhanced homocysteine elimination
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Table 7

Metabolite profiles in controls with and without ¢.[833T;844ins68] allele

Fasting concentrations

Concentrations 6 h after the methionine load

Wild type ¢.844ins68 p* Wild type ¢.844ins68 p*

homozygotes (n = 89)  carriers (n = 89) homozygotes (n = 89)  carriers (n = 89)
Blood AdoMet, pmol/L 2.31 (1.88;2.68) 2.53 (2.18;2.99) 0.025 2.47 (2.18;2.75) 2.61 (2.33;3.04) 0.007
Blood AdoHey, nmol/L 31.4 (27.1;36.1) 32.2 (28.4:36.6) 0470  45.7 (39.7;56.8) 44.7 (39.8;51.6) 0.028
Plasma tHcy, pmol/L 9.5 (8.6;11.8) 9.1 (7.8;10.9) 0.176 35.8 (29.0;45.0) 33.9 (28.7;38.2) 0.045
Plasma tCys, pmol/L 302 (274;333) 299 (277;319) 0.319 274 (242;307) 286 (259;305) 0.231
Blood fGSH, pmol/L 987 (801;1134) 918 (760;1137) 0.929 975 (791;1139) 958 (752;1114) 0.655
Ratio AdoMet to AdoHcy 75.5 (62.7,88.0) 81.5 (68.8:91.7) 0.152 54.9 (43.9;64.5) 61.4 (51.5;71.7) 0.0014
Ratio Cys to Hey 31.3 (25.7;35.5) 32.5(27.9;37.7) 0.196 7.3 (6.4,9.2) 8.6 (7.0:9.7) 0.004

Data are presented as medians with 1st and 3rd quartiles in parentheses.

The group of carriers consisted of 87 and 2 individuals, who were heterozygous and homozygous for CBS ¢.844ins68, respectively; the wild type
homozygous controls were matched for age, sex, menopause status, MTHFR genotype, and did not differ significantly in the following charac-
teristics: WHR, BMI, smoking status, number of packyears, proportion of abstinents, alcohol consumption, proportion of subjects with hyper-
lipidemia, hypertension, diabetes mellitus, and multivitamin intake, MTRR66 genotype, plasma and erythrocyte folate and plasma vitamin Bg and
By levels (data not shown, Wilcoxon signed rank test for continuous and sign test for discrete variables).

AdoMet, S-adenosylmethionine; AdoHcy, S-adenosylhomocysteine; tHey, total homocysteine; tCys, total cysteine; f{GSH, non-protein bound

(free) glutathione.
* Difference in medians, paired two sample Wilcoxon rank test.

following methionine loading, presumably via the
stimulated transsulfuration pathway.

Discussion

The major finding of our study is the association of
the CBS c.844ins68 variant with a significantly de-
creased risk of clinically manifested CAD. The
¢.844ins68 variant was associated with CAD both in
the univariable as well as in the multivariable analysis;
the adjustment for the conventional risk factors re-
moved the protective effect of the c.844ins68 in lean
individuals while it did not change its protective effect in
subjects with the above-median WHR. Interaction of
the ¢.844ins68 variant with WHR is rather surprising.
The effect of WHR can be caused by differences in in-
sulin action in obese people. WHR is a measure of ab-
dominal obesity [18], which is one of the features of
insulin resistance syndrome. Interestingly, insulin resis-
tance is also associated with impaired homocysteine
metabolism [19]; it was shown that high insulin con-
centrations decrease the activity of transsulfuration
pathway at the CBS step [20]. The modulation of insulin
resistance syndrome by the enhanced transsulfuration of
homocysteine may decrease the risk of developing and/
or manifesting CAD. Nevertheless explanation of the
protective effect of the ¢.844ins68 variant in obese indi-
viduals against CAD is not clear in present and should
be assessed in independent studies.

Our observations concerning 844ins68 variant are in
contrast to several previous case-control studies [21-24],
which did not reveal any significant association of
844ins68 variant with arteriosclerosis and which did not
control for ethnicity and for age [21-24]. However, con-

sidering the influence of ethnicity and possibly of aging
on the prevalence of ¢.844ins68, the lack of association in
the above studies may not contradict our findings.

Although we cannot exclude the possibility that the
association of the c.844ins68 with CAD in our study may
have appeared by chance, additional data support the
hypothesis that this genetic variant may indeed protect
against CAD. The first support for the presumed pro-
tective effect comes from measuring the levels of homo-
cysteine and related metabolites in control subjects, who
are lacking the symptoms of CAD. The homocysteine-
lowering effect of the CBS variant in these individuals is
rather small and it is accompanied by more pronounced
changes in concentration of other sulfur metabolites. We
therefore propose that the protective effect of the
¢.844ins68 variant may be due to a combination of its
homocysteine-lowering effect via the putatively enhanced
transsulfuration, and improved methylations.

Indeed, an activated transsulfuration due to hyper-
expression of the CBS gene from three copies of chro-
mosome 21 has been suggested as a cause for lower
incidence and slower progression of arteriosclerosis in
patients with Down’s syndrome [25]. Congruently, the
metabolic changes present in the carriers for ¢.844ins68
are consistent with an enhanced flux of homocysteine
through the transsulfuration pathway. Lower postload
homocysteine concentration in the c.844ins68bp carriers
is a finding similar to previous reports [6,7,26]. In our
study the ¢.844ins68 carriers also exhibited lower Ado-
Hcy postload levels and an increased ratio of postload
cysteine to homocysteine, which may be considered an
indirect marker of the transsulfuration efficiency. Two
molecular studies indirectly suggested that the
c.844ins68 allele may be indeed associated with higher
CBS activity [27] and with increased amounts of CBS
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mRNA [28]. Taken together, the carriership for the
¢.844ins68 allele may be associated with a more efficient
removal of homocysteine from the methionine cycle via
the transsulfuration pathway, especially under condi-
tions of high methionine intake.

In addition, impaired methylation has been proposed
as a mechanism of endothelial cell dysfunction and
vascular smooth muscle cell proliferation upon homo-
cysteine exposure in tissue cultures [29,30] or in CBS
deficient mice [29,30]. Methylation reactions, which are
carried out by numerous methyltransferases, are gener-
ally inhibited by AdoHcy and proceed more efficiently in
increased AdoMet concentrations [31]. Lower AdoHcy
and higher AdoMet concentrations in the c.844ins68
carriers thus suggest that carriership for the protective
CBS variant may be associated with an improved
methylation status of vasculature.

Although great care was taken both in the collection
of data and their analyses, we are aware of several
limitations of our study. Firstly, the case-control design
may suffer from disadvantages such as ascertainment
bias or the impossibility to resolve cause-and-effect re-
lationships. However, assuming the ‘“mendelian ran-
domization” [8] the feasibility of this approach,
complemented with a careful interpretation of the re-
sults, justifies its use. Secondly, we used multivariate
regression analysis to control for the effect of possible
confounders. This approach may suffer from low power
due to small number of subjects in different factor
combinations groups. On the other hand we maintained
the number of entering variables reasonably small to
keep the benefits and problems of multivariable ap-
proach balanced. Thirdly, our analyses were performed
as exploratory and no correction for multivariate testing
was used. Therefore, the results should be interpreted
with caution and the observed associations should be
assessed in independent projects.

In summary, the presented study showed that the
¢.844ins68 variant in CBS gene decreases the risk of
clinically manifested CAD. Our data suggest that this
frequent polymorphism may improve the methylation
status of vasculature and that it may enhance the re-
moval of homocysteine from the methionine cycle via
the transsulfuration pathway. This coincidence of clini-
cal and biochemical effects of a common genetic variant
supports the hypothesis that homocysteine and related
metabolites may play role in the development and/or
progression of CAD.
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ABSTRACT

Although several genetic factors have been implicated as determinants of blood folate
concentration in various populations, their effect on folate status in Czechs has not been
examined yet. We explored whether blood folate concentrations in healthy Czech population
are associated with polymorphisms in 5,10-methylenetetrahydrofolate reductase (MTHFR),
folate hydrolase 1 (FOLH1), reduced folate carrier (RFC), folate receptor (FOLR1) genes. In
a cross-sectional study of 591 control subjects we determined genotypes by PCR- RFLP or
ARMS-PCR methods, and plasma and erythrocyte folates by MEIA. The effect of different
genotypes on folate status was examined by nonparametric tests and by regression analysis.
The prevalence of the MTHFR 677C>T, MTHFR 1298A>C, FOLH1 1561C>T, RFC 80G>A
and FOLR1 480G>C variant alleles was 0.34, 0.33, 0.05, 0.44, and 0.00 respectively. Only
the MTHFR 677C>T variant was significantly associated with plasma folate concentrations
(median 14.7, 14.0 and 12.2 nmol/I for the CC, CT and TT genotypes, respectively). Our
study showed that among the five studied allelic variants, only the 677C>T polymorphism in
the MTHFR gene is a significant genetic determinant of plasma folate concentrations in
Czechs.

KEY WORDS folates, folate hydrolase 1, reduced folate carrier, 5,10-
methylenetetrahydrofolate reductase, polymorphism



INTRODUCTION

Folates constitute a group of compounds derived from the 5,6,7,8-tetrahydropteroylglutamate,
more commonly referred to as tetrahydrofolate. The biological role of folates is to facilitate
the metabolism of methionine, serine, glycine, choline and histidine, the biosynthesis of
purines and pyrimidines, and the assimilation or oxidation of formate (Shane 1990).

Dietary folates have to pass through a number of physiological and metabolic processes,
which convert them into intracellular metabolically active forms (Fowler 2001). Disturbances
of folate metabolism are associated with many human diseases such as epithelial cancers,
anemia, peripheral neuropathies, cardiovascular disease and pregnancy complications
(Eichholzer et al. 2001; Mcdonald et al. 2003; Rimm et al. 1998; Voutilainen et al. 2001).

Folate status is influenced by many exogenous and endogenous factors; the common
exogenous factors include diet, smoking, alcohol consumption and drugs, while the
endogenous factors include e.g. ethnicity, functional status of bowel and liver, and presence of
genetic variants (Ganji and Kafai 2003; Halsted ef al. 2002; Lindeman et al. 2003; Nakano et
al. 2003). More than twenty genes have been implicated in folate metabolism and transport
(Cook 2001). Allelic variants in only a few of these genes have been analyzed in population
studies and their effects on folate status have been examined.

Two allelic variants in the 5,10-methylenetetrahydrofolate reductase gene (OMIM
607093, EC 1.5.1.20) have been examined extensively in numerous studies including Czech
population (Benes et al. 2001). The MTHFR enzyme catalyzes the conversion of 5,10-
methylenetetrahydrofolate into 5-methyltetrahydrofolate (5-methyl THF), the predominant
circulating form of folates (Selhub and Miller 1992). In a variety of populations
homozygosity for the 677C>T polymorphism has been associated with low folate levels, and
with elevated concentrations of plasma total homocysteine (Frosst ef al. 1995; Rozen 2001;
Van Der Put et al. 1995). The 1298A>C MTHEFR variant, which was analyzed in part of the
population studies, did not substantially influence the folate concentrations (Weisberg et al.
1998).

Polymorphisms in the FOLH1 and RFC genes belong to the less frequently studied
determinants of folate status. The enzyme folate hydrolase 1 (glutamate carboxypeptidase II;
OMIM 600934, EC 3.4.17.21) hydrolyzes terminal glutamate residues in the intestine, playing
thus an important role in the absorption of dietary folates (Devlin et al. 2000). The carriership
of the 1561C>T variant was associated with lower concentrations of plasma folates in one
study (Devlin et al. 2000) and with higher concentrations in other studies (Vargas-Martinez et
al. 2002; Winkelmayer et al. 2003). The reduced folate carrier, RFC, (OMIM 600424) is an
essential folate transporter (Chango et al. 2000). Although different genotypes in the RFC
80G>A locus were associated with varying folate concentrations, the effect was not
statistically significant in several published studies (Chango et al. 2000; Morin et al. 2003;
Winkelmayer et al. 2003).

The folate receptor FOLR1 (OMIM 136430), which is a folate transporter, plays an
important role in the embryonic development as demonstrated by numerous malformations in
mice with deleted FOLR1 gene (Finnell ef al. 2002), and by neural tube defects in mice
embryos treated by FOLR1 antisense mRNA (Hansen ef al. 2003). Only one putative
polymorphism in this gene, namely 480G>C, has been described in the NCBI SNP database
as of January 2003, however, its effect on folate concentrations has not been determined yet.

To examine the effect of the above-mentioned polymorphisms on folate metabolism in
Czech population, we analyzed the relationship between five genetic variants (i.e. 1561C>T
in FOLH1, 80G>A in RFC, 677C>T and 1298A>C in MTHFR, 480G>C in FOLRI1 genes),
and plasma or erythrocyte folate concentrations in 591 healthy Czech controls. Based on these
analyses, we hypothesize on the possible effect of these genetic factors on folate status in
Czech.



METHODS

Subjects

For the analyses of genotypes and folates we used blood samples obtained from 591 healthy
controls, who were recruited in a previously described study (Janosikova et al. 2003). The
study exclusion criteria were as follows: age below 18 and above 65, domicile out of central
Bohemia or Prague, lactation, pregnancy, history of stroke or psychiatric disorders, presence
of malignancies or of any symptoms of atherosclerosis. The history of smoking, consumption
of beer and other alcoholic beverages, vegetables/fruit consumption, caloric restriction and
vitamin use was obtained by questionnaire. One hundred-sixty two subjects used different
multivitamins regularly (and of which 80 used multivitamins containing folates); these
subjects stopped vitamin intake one week before blood drawing. The study was approved by
Ethics Committee of Charles University-1* Faculty of Medicine; all subjects gave their
written informed consent.

Laboratory analyses

Blood was drawn by standard venostasis, using EDTA as anticoagulant. For determination of
erythrocyte folates, 0.2 ml of blood were immediately mixed with 4 ml of 1% ascorbic acid,
left at room temperature for 90 minutes and frozen at -20°C prior to the analysis. Plasma was
obtained by centrifugation at 2000 g for 15 minutes at 4°C. Erythrocyte and plasma folates,
vitamin B, and Bg (pyridoxal 5 phosphate) were determined by AxSYM Folate assay,
AxSYM By, assay (Abbott Laboratories, Abbott Park, Illinois) and Reagent kit for HPLC
analysis of pyridoxal 5 phosphate in plasma/serum and whole blood (Chromsystems,
Munchen, Germany), respectively. Concentrations of aminothiols homocysteine (Hcy),
cysteine (Cys), and glutathione (GSH) were determined by the HPLC method using tris(2-
carboxyl-ethyl)phosphine as a reductant of disulphide bonds, and ammonium 7-fluorobenzo-
2-oxa-1,3-diazole-4-sulphonate as a fluorescent derivatization agent (Krijt ez al. 2001).
Genomic DNA was isolated from whole blood using the QIAamp DNA Mini Kit (Qiagen,
Valencia, CA). The methods of analysis for 677C>T and 1298 A>C polymorphisms in
methylentetrahydrofolate reductase gene by ARMS-PCR were published previously
(Janosikova et al. 2003). The 80G>A in the reduced folate carrier gene was examined by PCR
with allele specific primer pairs (forward primer, 5'-GGGAGGCCTGCAGACCATC-3";
reverse primer, 5'-AGCAAAGGTAGCACACGACGC-3’ for wild type allele, and 5'-
AGCAAAGGTAGCACACGACGT-3" for the variant allele, respectively). The
polymorphism 156 1C>T in folate hydrolase 1 gene was analyzed by PCR-RFLP method as
described previously (Devlin et al. 2000). The polymorphism 480 G>C in FOLR1 gene was
detected by PCR-RFLP using a forward primer 5'- CCCCTGTGCAAAGAGGACTGT -3’
and a reverse primer 5'- CCCACTGCGCACTTGTTAAAC -3". The 268 bp PCR product was
digested by HpyCH4V; the presence of a control restriction site formed a 210 bp product from
the normal allele while the mutant allele was digested to 186 and 24 bp products. All PCR
products were analyzed by electrophoresis in 3% agarose gels stained with ethidium bromide.
Detailed protocols can be requested from the authors.

Statistical analysis

The proportions were tested using exact binomial test, and continuous variables were
compared by Mann-Whitney nonparametric test. Plasma and blood folate levels were
logarithmically transformed where appropriate; one subject with extremely low erytrocyte and
normal plasma folate concentrations was excluded from selected statistical analyses due to
possible laboratory error (the sample was not available for repeated analyses). To assess the
relationship between the folate levels and gene variants we employed two different
approaches: (1) linear regression of logarithm of folate levels with assumption of dose-



response effect of variant allele, and (2) Mann-Whitney test comparing folate levels of
subjects with at least one wild type allele to variant homozygotes. The first approach was
complemented by multiple regression allowing for confounding variables (gender, age,
smoking, consumption of beer and other alcoholic beverages, vegetables/fruit consumption,
caloric restriction). All statistical analyses were performed at 5% level of statistical
significance using S+, version 6.0 and R, version 1.6.1.

RESULTS

Of the 591 subjects, one fifth used various types of multivitamins regularly, only eighty
individuals used multivitamins containing both folates and vitamin B6 (for the latter group
median intake of vitamins Bg, B2, and of folate in multivitamin preparations was 2 mg, 6 pug
and 400 pg, respectively). These 80 subjects taking folates and vitamin B6 in multivitamins
are further referred to as folate users. The folate users had significantly higher levels of
plasma and erythrocyte folate, and of plasma vitamin B6 than the folate non-users (16.8
nmol/l, 797 nmol/l and 11.4 umol/l vs.14, 716 and 9.7, respectively). Congruently, the folate
users showed lower plasma homocysteine levels.

The role of genetic variants of folate status was assessed in the subset of 511 folate
non-users, who did not differ in demographic characteristics from the folate users (see Table
2). The distribution of genotypes and variant allele frequencies in study group is presented in
Table 3. The prevalence of the MTHFR 677C>T, MTHFR 1298A>C, FOLH1 1561C>T and
RFC 80G>A variants in the Czech population was similar to that described in other
Caucasians populations (Brattstrom et al. 1998; Devlin et al. 2000; Chango et al. 2000; Klerk
et al. 2002; Van Der Put et al. 1998) and in Czechs (Benes et al. 2001). The putative 480G>C
variant in the FOLR1 gene was not found at any of the 100 examined control chromosomes
and was not further explored in the whole set.

To asses the relationship between plasma/blood folate levels and the four studied
polymorphisms in the population of folate non-users, we employed two different statistical
approaches: (1) a test for linear trend assuming a dose-response effect of the studied alleles,
and (2) a test for comparison between the group of homozygotes for the variant allele and the
group of heterozygotes pooled with the wild type homozygotes, assuming a recessive effect of
the variant allele. The relevant statistical methods are described in Methods, the results are
summarized in Table 4. The two methods agreed that there was no statistically significant
effect of folate hydrolase 1, reduced folate carrier and MTHFR 1298 A>C variants on plasma
and blood folate levels.

In contrast, the carriership of the MTHFR 677C>T variant was associated with a
significant decrease of plasma folate levels. The median plasma folates in subjects with the
CC, CT and TT genotypes were 14.7, 14.0 and 12.2 nmol/l, respectively, showing a
significant linear trend with the increasing number of variant alleles. The multiple linear
regression analysis revealed four additional major determinants of folate status, namely
gender, beer consumption, caloric restriction and plasma levels of vitamin B, (data not
shown). However, their addition to the model did not attenuate the effect of the MTHFR
677C>T variant confirming that the MTHFR variant is indeed a significant independent
determinant of folate status. In contrast to plasma, the erythrocyte folate concentrations
increased significantly with the increasing number of MTHFR 677C>T variant alleles. The
median erythrocyte folate levels were substantially higher in TT homozygotes than in the
other two genotypes (867 vs. 703 nmol/l, respectively) and there was also a significant linear
trend for the three genotypes. In summary, our analyses of five SNPs show that only
carriership of the 677C>T variant is associated with a significant effect on folate status in
Czech populations, namely with decreased levels of plasma folate.



DISCUSSION

In this study we analyzed whether allelic variants in four genes of folate metabolism
are determinants of plasma and erythrocyte folate levels in a homogenous Czech population.
This population was especially suitable for analyzing the genetic component of folate status
owing to the absence of a national food fortification program and relatively low consumption
of vitamin supplements compared to other populations (Ganji and Kafai 2003). Our findings
in Czech controls correspond to the previous publications (Ashfield-Watt ez al. 2002; Van Der
Put et al. 1998; Van Der Put et al. 1995), which showed that TT homozygotes for MTHFR
677C>T polymorphism exibited lower plasma concentrations of folates than the wild type
homozygotes.

Although the TT homozygosity was associated with decreased erythrocyte folate
levels in many studies, several publications reported their increase (Nelen et al. 1998; Van
Der Put et al. 1995). The incongruous effect of TT homozygosity on erythrocyte folate
concentrations may result from different analytical methods used in the published reports.
Increased erythrocyte folates were reported in several studies, which employed the same
MEIA method as used in our study. It is conceivable that the increased proportion of
formylated erythrocyte folates in TT homozygotes (Bagley and Selhub 1998) may have lead
to the overestimation of total erythrocyte folates by the MEIA method (Molloy ef al. 1998).

For practical reasons, a crucial question should be answered: namely, whether the
effect of MTHFR 677 T variant on plasma folates may be reversed by supplementing low
doses of folic acid in diet or vitamins. Average dietary intake of folates in Czech population is
197 ng per day (Ruprich 1997), which is similar to e.g. Netherlands (De Bree et al. 2003).
Food fortification may increase the intake by 215-240 pg/day to approximately 400 pg per
day (Quinlivan and Gregory 2003), a dose usually contained in multivitamins. Our cohort of
80 folate users contained only 8 homozygotes for TT variant; owing to the low power we did
not evaluate the effect of folates for individual genotypes. Data from other studies, however,
demonstrated that carriers of mutant allele compared to CC individuals benefit less from
vitamins supplements of 400 pg folates per day, or from increased dietary folate intake (De
Bree et al. 2003). Taken together, the low dose folic acid supplements in multivitamins or in
fortified food may not be sufficient for a large segment of Caucasian populations, namely for
the TT homozygotes.

The other analyzed genetic variants (i.e. MTHFR 1298A>C, FOLH1 1561C>T and
RFC 80G>A) were not significantly associated with blood or plasma folate levels, which
corresponds to several previously published studies (Devlin et al. 2000; Fodinger et al. 2003;
Chango et al. 2000). It is also important to note that the 1561C>T variant in the folate
hydrolase 1 gene may have effect on folate status, however, the low frequency of the variant
allele requires larger samples to detect any statistically significant association. In summary, it
seems that except for the MTHFR 677C>T variant the other important genetic determinants
of folate status, if any, have not been found yet.
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Table 2. Characteristics of studied subjects

Non- folate users

Folate users

All controls

Number of individuals

Males, %

Age, median, years

WHR, median, m/m

BMI, median, kg/m2

Smoking status, current+former, %
Smoking’, median, packyears
Abstinents, %

Alcohol consumptioni, median, g/week
Hyperlipidemia, %

Hypertension, %

Diabetes mellitus, %

511
47

49 (42;55)

0.84 (0.80;0.90)
25.9(23.3;28.3)
43 (38;47)

4109 (1575;7670)
32 (28;36)

84 (40;187.5)

24 (20;28)

13 (11;17)

4(2;6)

80
59

51 (45.5;54.25)
0.87 (0.80;0.90)
26.1 (23.8;28.4)
39 (28;50)

5479 (2466;9177)
24 (15;35)

100 (55;184)

29 (19;40)

14 (7;24)

6(2;15)

591
48

50 (42;55)

0.85 (0.80;0.91)
25.9 (23.4;28.4)
42 (38;46)

4200 (1650;7950)
31(27:35)

95 (40;187.5)

24 (21;28)

13 (11;16)

4 (3;6)

Data are presented as medians with 1* and 31 quartile or proportions with 95% CI in

parentheses.

Appropriate statistical tests were all non-significant at 5% significance level.

A diagnosis of hypertension, diabetes mellitus, or hyperlipidemia was defined as receiving

current treatment for or having a past history of the condition.

WHR, waist/hip ratio; BMI, body mass index; CAD, coronary artery disease;

and former smokers only; * non-abstinents only

current
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ABSTRACT

Objective: To measure levels of total plasma cysteine, homocysteine, cysteinylglycine and
gluthatione of normotensive primiparous pregnant women in the second and the third
trimester.

Methods: Two consecutive blood samples were taken from 65 healthy primiparous women,
in the19™ to 21° week of pregnancy and then in the 30" to 32" weeks. Plasma total cysteine,
homocysteine, cysteinylglycine and gluthatione were determined by HPLC method. Women
were followed until delivery. Sixty-two pregnant women were normotensive throughout the
pregnancy and 3 developed pre-eclampsia. Median levels of thiols in the second and the third
trimester were compared using paired t-test.

Results: Levels (median [range], umol/L) of plasma total cysteine in normotensive pregnant
women were significantly lower in the third than in the mid trimester (176.1 [163.0, 189.4]
versus 187.4 [178.7, 205.2], P < 0.001). Concentrations of total homocysteine,
cysteinylglycine and gluthatione were not different.

Conclusion: Plasma total cysteine (t-Cys) is significantly lower in the third compared to the
second trimester. Urinary excretion of t-Cys does not differ in the second compared to the

third trimester. The decrease of t-Cys might indicate that cysteine is essential for the fetus.



INTRODUCTION

Methionine, the only essential sulphur amino acid in the mammalian diet [1], is
important to intermediate metabolism. The most important metabolic roles of methionine
include synthesis of S-adenosylmethionine, the primary biological donor of methyl groups;
and synthesis of homocysteine. Homocysteine is either remethylated back to methionine in
the remethylation pathway or directed to the transsulfuration pathway in which homocysteine
is irreversibly converted to cysteine. Cysteine is an intermediary product of methionine
metabolism (Fig. 1), one of three amino acids contained in glutathione, which plays an
important role in detoxification processes and in scavenging free radicals. Methionine
metabolism is closely related to the folate cycle.

Hundreds of studies have been published about homocysteine in pregnancy, but less is
known about cysteine. Maternal plasma total homocysteine (t-Hcy) is significantly decreased
in normal pregnancy compared to the non-pregnant state [2]. On the other hand, published
studies demonstrate an association between increased plasma levels of homocysteine and
several obstetric complications such as pre-eclampsia [3,4,5,6,7], intrauterine growth
retardation (IUGR), placental abruption [8], spontaneous miscarriage, neural tube defects
(NTD) [9] and other pregnancy complications [10]. Published studies also demonstrate lower
plasma total cysteine (t-Cys) in pregnant than in non-pregnant women and higher plasma t-
Cys in pre-eclamptic women than in those with normal pregnancies [4,7]. Both those studies
had cross-sectional designs and it is not known whether elevated t-Cys is the result of
established pre-eclampsia or whether the elevation is already present before development of
clinical and laboratory signs of pre-eclampsia.

The aim of our study was to describe normal levels of plasma total cysteine and other

aminothiols in the second and the third trimesters of physiologic pregnancy.



SUBJECTS AND METHODS
Study design

This study was designed as prospective and observational. Study subjects were
pregnant women coming for screening anomaly scan in the 19™ to 21 week of pregnancy to
the Department of Obstetrics and Gynaecology of the 1st Faculty of Medicine of Charles
University, Prague. History was taken by structured questionnaire (personal and family
history, vitamin and folate supplementation, consumption of alcohol, smoking). Inclusion
criteria were: primigravida, with singleton pregnancy. Exclusion criteria were: primary or
pregnancy induced hypertension, diabetes mellitus, renal disease, abnormal anomaly scan and
family history of pre-eclampsia. Patients referred to our centre for any reason were excluded
as well. A non-fasting blood sample was taken and the woman was asked to return in the 30"
to 32" week of pregnancy for the second scan and blood sampling. Sixty- five consecutively
presenting pregnant women met inclusion criteria and had both blood samplings between
January 2002 and September 2003. Women were followed up until labour. Sixty-two
pregnant women were normotensive throughout the pregnancy and 3 developed pre-
eclampsia. The clinical characteristics of 62 healthy pregnant women are shown in Table 1.

Pre-eclampsia was defined, according to the standards of the International Society for
the study of Hypertension in Pregnancy, as hypertension developing in the second half of
pregnancy (diastolic blood pressure above 90 on at least two consecutive occasions, each
more than 4 hours apart), with proteinuria.

The study was approved by Ethics Committee of the 1* Faculty of Medicine, Charles

University, Prague, Czech Republic. All subjects gave their written informed consent.

Laboratory analyses



Blood was drawn by standard venipuncture using EDTA tubes. The blood sample for
aminothiol analysis was chilled immediately in an ice water bath. Plasma was obtained by
centrifugation at 2000 g for 15 minutes at 4°C within 15 minutes after sampling. All plasma
samples were immediately frozen at -80°C prior to the analysis. Concentrations of plasma
total cysteine (t-Cys), homocysteine (t-Hcy), cysteinylglycine (t-Cys-Gly) and glutathione
(GSH) were determined by the HPLC method using tris(2-carboxyl-ethyl)phosphine as a
reductant of disulphide bonds, and ammonium 7-fluorobenzo-2-oxa-1,3-diazole-4-sulphonate

as a fluorescent derivatization agent as previously described [11].

Statistics

The data were analyzed using STATISTICA (99 edition) software. For analyses of
aminothiol levels in pregnant women in the 20™ versus the 30" week of pregnancy the t-test
for dependent samples with separate variance estimate was used. Analysis of correlation of t-
Cys and haematocrit was done by correlation matrix. The statistical significance level was set

to 0.05.

RESULTS

Median values of plasma total cysteine, homocysteine, cysteinylglycine and
gluthatione in the 19™-21% (the mid trimester) and 30™-32" (the third trimester) week of
pregnancy were determined for 62 healthy pregnant women (Table 2). Plasma values of total
cysteine were significantly lower in the third (176.1umol/L) than in the mid trimester
(187.4umol/L) (p < 0.001). Concentrations of total homocysteine, cysteinylglycine and
glutathione were not different.

We examined possible explanations of the observed decrease of plasma t-Cys.

Because plasma total homocysteine levels correlate with haematocrit [1], we tested whether



such a relationship existed for cysteine and whether it may have caused the decrease of t-Cys
level in the third trimester. We did not observe any correlation between plasma t-Cys and
haematocrit either in the mid trimester or the third trimester, respectively.

All 3 cases of pre-eclampsia manifested close to term, in the 38" to 41% week of
pregnancy, labor was induced, and healthy newborns without intrauterine growth retardation
(IUGR) were born. Except for the high blood pressure and proteinuria, there was no other
complication in mothers. The Tab 3 shows values of plasma t-Cys of 3 women with
subsequent pre-eclampsia and Fig. 2 shows those values interpolated on a quartile graph
plasma t-Cys in healthy pregnancies. In the mid trimester, levels of t-Cys in women who
subsequently developed pre-eclampsia were spread through a whole interval. In the third

trimester, values of all pre-eclamptic women were in the upper quartile.

DISCUSSION

Maternal plasma total homocysteine (t-Hcy) is significantly decreased in normal
pregnancy compared to the non-pregnant state [2]. High concentrations of plasma t-Hcy are
associated with serious pregnancy complications such as pre-eclampsia [3,4,5,6,7],
intrauterine growth retardation (IUGR), placental abruption [8], spontaneous miscarriage and
neural tube defects (NTD) [9]. Cysteine has similar structural and chemical properties to those
of homocysteine, but so far the relation between plasma t-Cys and pregnancy complications
has received little attention. Maternal plasma t-Cys have been studied only in studies with
cross-sectional designs [4,7]. Those studies demonstrated lower plasma t-Cys in pregnant
women than in non-pregnant ones and higher plasma t-Cys concentration in preeclamptic
women than in women without preeclampsia [4]. In the Hordaland Homocysteine study
plasma t-Cys concentrations of almost six thousand women aged 40-42 years were compared

with the outcomes and complications of more than fourteen thousand pregnancies in the same



women [10]. The relation between plasma t-Cys and pregnancy complications and adverse
pregnancy outcomes were much weaker than that found for plasma t-Hcy. Nevertheless, when
a combination of variable of plasma t-Cys and t-Hcy was investigated, the results showed that
t-Hcy concentration is a risk factor for pre-eclampsia, premature delivery or low birth weight
only if both plasma t-Hcy and plasma t-Cys concentration are elevated [10]. Thus, the
possibility of interaction between cysteine and homocysteine in the pathogenesis of pregnancy
complications cannot be ruled out.

In our study we showed that plasma total cysteine levels decline between the mid and
the third trimester in uncomplicated pregnancies. The reason for this decrease is not clear.

According to our data, the decrease of plasma t-Cys cannot be explained by the change
of haematocrit; not only because plasma t-Cys does not correlate with haematocrit, but also
because haematocrit did not change significantly between the mid and the third trimesters.

We hypothesize, that decline of plasma t-Cys might be caused by higher urinary
excretion of cysteine in the 30" week compared to the 20" week of pregnancy, or by
increased consumption of cysteine by the fetus. To test the hypothesis of higher urinary
excretion we used data from a small, separate study. In that study 40 urinary samples were
tested: 20 samples from pregnant women in the 19™-21% week of pregnancy and 20 samples
from pregnant women in the 30™-32" week of pregnancy. Pregnant and nonpregnant groups
of women in that separate study matched the same clinical characteristics as 62 pregnant
women (Tab 1). The difference of total cysteine levels in urine normalized on creatinine
concentration were analyzed by a non-paired t-test. There was no statistically significant
difference in urinary excretion of cysteine between the mid and the third trimester (p=0.35,
data not shown). Although the number of observations is quite small, the data do not support
the hypothesis that fall of plasma t-Cys between the mid and third trimesters is caused by

higher urinary excretion of cysteine. Additionally we tested 20 samples from non-pregnant



women and determined total cysteine levels in urine normalized on creatinine concentration,
then analyzed the difference between urine of pregnant women and nonpregnant women by a
non-paired t-test. The difference between urinary excretion of cysteine in non-pregnant
women and urinary excretion of cysteine in those in the 20" week and the 30" week of
pregnancy, respectively, was significant (p< 0.05). Data from this small study group support
the hypothesis, that lower plasma total cysteine in pregnant compared to non-pregnant women
might be caused by higher urinary excretion in those who are pregnant. This would be in
accordance with observations of Powers et al. [12]. They determined higher urinary excretion
of homocysteine in pregnancy and significant inverse correlation between plasma t-Hcy and
the renal clearance of homocysteine. The change in renal handling of cysteine during
pregnancy may be similar because cysteine, like homocysteine, is filtered by the kidney and
then reabsorbed in the proximal tubule by an identical transporter [12].

Another cause of decrease in plasma t-Cys between the mid and the third trimester
might be increased consumption of cysteine by the fetus. Although there is growing
information about regulation of metabolism of sulphur amino acids and transsulphuration in
adults, little is known about the early embryonic and fetal development of these pathways.
Ahola et al [13] published a study of thiol metabolism (especially cysteine and glutathione
metabolism) in preterm infants. They hypothesized, that in presence of oxidative stress,
synthesis of gluthatione might not be adequate in preterm neonates because of low levels of
available cysteine. They found an initial increase in plasma glutathione and initial decrease in
plasma cysteine during the first week of neonatal life. The correlation between erythrocyte
cysteine and glutathione levels was positive. We hypothesize, that the decrease of maternal
plasma total cysteine during pregnancy might be caused by immaturity of fetal methionine

transformation into cysteine and its products (taurine and glutathione), which makes cysteine



essential or semi-essential for fetus. Additional studies are needed, however, to confirm this
hypothesis.

Cysteine, an intermediary product of the irreversible transulphuration pathway of
homocysteine degradation, has the ability to autooxidize (i.e. produce peroxide and free
radicals). Consequently cysteine may play a role in eliciting oxidative stress, currently
considered an important pathophysiologic factor in the development of pre-eclampsia [14,15].
The number of pre-eclampsia cases in our study group was too small for statistical analysis;
nevertheless we attempted to evaluate the data (Tab 3, Fig. 2). The Fig. 2 shows interpolated
values of plasma t-Cys of 3 women with pre-eclampsia on a quartile graph plasma t-Cys in
healthy pregnancies. In the mid trimester, levels of t-Cys in women who subsequently
developed pre-eclampsia were spread through a whole interval. In the third trimester, values
of all pre-eclamptic women were in the upper quartile. We hypothesize that the rise of plasma
total cysteine (or improper fall, respectively) may precede clinical signs of pre-eclampsia. For
verification of this hypothesis and evaluation of t-Cys as a potential early laboratory marker

of pre-eclampsia, additional studies with sufficient power would be necessary.

Contract grant sponsor: Grant Agency of Ministry of Health of the Czech Republic, grant
contract number NM 6548. Research project of Charles University-First Faculty of Medicine

grant contract number MSM 0021620806.
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Figure 1 Metabolism of cysteine. Methionine (Met) is converted to S-
adenosylmethionine (AdoMet), the donor of methyl groups and intermediate in
synthesis of spermidine and spermine; and after demethylation to S-
adenosylhomocysteine (AdoHcy) and hydrolysis homocysteine (Hcy) is produced.
Homocysteine is then either catabolised into cystathionine and cysteine in the
transsulfuration pathway, or converted back to methionine in the remethylation
pathway, which is closely related to folate cycle; methyltetrahydrofolate (CH3-FHa4),
tetrahydrofolate (FH4). Cysteine is either incorporated into gluthatione (GSH) or
converted to taurine (Tau).
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Figure 2 Values of plasma t-Cys of 3 women with preeclampsia plotted on the
guartile graph of concentration of plasma t-Cys in uncomplicated pregnancies.



Tablel Clinical characteristics of 62 healthy pregnant women. Data are given as
median (range).

Age (Y) 27 (17, 35)

BMI preconceptionally (kg/m2) 22,35 (18,1, 32,9)
Haematocrit 19-21 week 0,348 (0,287, 0,475)
Haematocrit 30-32 week 0,342 (0,296, 0,465)
Supplemented® (%) 80
Normotension (%) 100

supplementation with folates

Table 2 Values of plasma total cysteine, homocysteine, cysteinylglycine, and
glutathione in 62 prospectively studied uncomplicated pregnancies. Data are given
as median (1% and 3" quartile) and are expressed as umol/L. t-test for dependent
samples with separate variance estimate was used for analysis.

19-21 wk 30-32 wk p-value
cysteine 187.4 (178.7, 205.2) | 176.1 (163.0, 189.4) <0.001
homocysteine 49 (4.1,5.7) 4.6 (3.9, 5.6) ns
cysteinylglycine 30.2 (27.4, 33.7) 31.6 (28.1, 34.8) ns
glutathione 8.1(7.5,9.2) 7.9 (6.9, 8.7) ns

Table 3 Values of plasma total cysteine of 3 women with pre-eclampsia (umol/L).

pacient No. 19-21 wk 30-32 wk
1 212.1 209.1
2 190.5 198.8
3 172.8 213.5
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Abstract

Key words:

Neural tube defect, orofacial clefts, folate metabolism, pedigree analysis, incidence

Abbreviations:

NTD - neural tube defect

OC — orofacial cleft

CL/P- cleft lip with or without cleft palate

FA- folic acid

Despite much work and many hypotheses, the etiology of neural tube defects (NTD) and
orofacial clefts (OC) remains incompletely understood. Their incidence varies greatly even
within restricted geographical areas, and it is recognized that a high proportion of NTDs
affected fetuses are lost as spontaneous abortions. Nutritional factors, notably folic acid, form
an important environmental component; genetic factors may prove involvement of folate
metabolism (e.g. the folate receptor gene, MTHFR). Segmental developmental genes do not
seem to play a major role outside specific syndromes and no clearly mendelian subset has yet
been defined.

Neural tube defects are one of the most common and severe birth defects, e.g. its incidence in
the U.S.A is approximately 10-20/10,000 live births [1, 2].

The majority of NTDs occurs sporadically (i.e. single occurence in a family) and they are
considered to be of multifactorial origin, involving combined interaction of multiple genes
and environmental factors such as nutrition, drugs and socioeconomic status. [3] This
etiologic heterogeneity is further manifested in substantial phenotypic heterogeneity, with a
variety of defects associated with failed closure of the neural tube including, most usually,
myelomeningocele (spina bifida and encephalocele) and anencephaly.

The effect of environmental factors is proved by the finding that folate treatment during the

period of periconception reduces both occurence and the reccurence of NTDs [4, 5]. With



respect to this evidence, many national boards approved folate supplementation regimes to the
care for women in reproductive age. In the USA, there is a protocol of fortification of cereals
with FA [6]. It is now accepted that periconceptional daily supplementation of folic acid
reduces the risk of neural tube defects. [7, 8].

In countries with FA fortification of certain type of groceries the prevalence of NTD
decreased in comparison with their prevalence of NTD before the fortification[9, 10].

In a number of mouse mutant models, the folate deficiency in mothers can be compensated
for by folic acid supplementation reducing the risk of spina bifida, too. However, some other
mouse NTD models show that both other metabolic pathways and nutritional supplement
other than folate may influence frequency of spina bifida [11, 12]. Although the
periconceptional folic acid supplementation has been identified as the major environmental
influence on NTD risk, no genetic risk factors have been identified, which either fully explain
the folic acid protective effect or define major genetic factors in humans. These candidate
genes can be identified by homology with genes implicated from more than 40 mouse NTD
models reported to date. More than 60 different genes have already been implicated in neural
tube closure defects in mouse — among them those coding for transcriptional factors, cell
adhesion molecules, proteins with mitotic function, and genes involved in various metabolic
pathways [13].

The penetrance of such major gene mutations is substantially influenced by the genes-
modifiers of the genetic background [14]. Second possibility of identifying candidate genes is
likely to happen by genes implicated by biological functional plausibility. Studies of rare
family cases - the risk of recurrence in a sibship is estimated to be 2 to 5 % [15] - may help in
this kind of research.

In human genetic studies the attention was given to polymorfism 677C>T in MTHFR gene.
The first study showed the association of this polymorfism with risk of NTD [16]. Other
studies did not confirm it though (100,101). Another variant in the same gene 1298A>C was
studied with controversial results, too. The last meta-analysis for both variants showed
increasing risk of NTD for individuals with homozygote status in 677C>T and 1298A>C
in MTHFR gene (OR 1,76; CI 1,45-2,14), resp. (OR 1,2; CI 1,04-1,61)[17].

Nonsyndromic orofacial clefts share some similar characteristics with NTDs, such as higher
incidence (10-20/10 000), protective effect of folate supplementation, multifactorial etiology,
and limited knowledge about genes involved in their raising [18, 19]. Shaw [20]collected,

between 1987-1989, case-control data that showed risk reductions among infants and fetuses



whose mothers consumed vitamins. Odds ratios were similar for cleft lip with or without cleft
palare (CP/P) and NTD, i.e. 2.9 and 3.1, respectivelly.

Mice deficient in the folic acid-binding protein one gene (Folbpl) display multiple
developmental abnormalities; nullizygote embryos exhibit open cranial neural tube defects
and also craniofacial abnormalities, such as cleft lip and palate. Impairment of Folbpl gene
function adversely influences the expression of several critical signaling molecules[21] [22].
In another folic acid deficient mouse model [23]. ICR female mice were put on a diet
containing no FA and including 1% succinyl sulfathiazole (SS) for 4 weeks before mating.
Controlled mice were fed with either: 1) FA and 1% SS [+SS only diet]; 2) FA [normal diet];
or 3) a breeding diet. Reproductive outcome of the dams fed by a folic acid deficient diet and
1% succinyl sulfathiazole was poor with increased fetal deaths, decreased fetal weight, and
delays in palate and heart development [23]. For NTD as well, the population studies
regarding molecular markers in OC, gave the most attention to polymorphism 677C>T
in MTHFR gene. The last meta-analysis inclusive of 400 affected persons evaluate the risk for
orofacial cleft in homozygotes TT as almost unincreased (OR 1,08; CI 0,78-1,5). [17]

In the Czech Republic, during 15 years (between 1983 and 1997), the mean incidence of CL/P
in Bohemia was 18.6 per 10 000 newborns. Paradoxically, the districts with a higher or lower
birth rate demonstrated a lower (with mean 16.2/10 000) or higher incidence of CL/P (mean
was 19.2/10 000)[24]. A retrospective demographic-epidemiological study of the nationwide
register of inborn defectsshows the overall incidence of neural tube defects (anencephaly,
spina bifida, encephalocele) in the Czech Republic between 1961 and 1999 was evaluated as
8.42/10000 [25].

In a broader biochemically oriented study of folate metabolic pathways in sporadic cases of
NTDs, we encountered few familial cases of NTD, but we quite often met families whose
NTD were combined with OCs or other inborn errors in closer or further relatives. That is
why we, in this separate communication, would like to analyze all these data purely from the
epidemiological and population genetic points of view and demonstrate that these findings are
not random. This way, we aimed to support the opinion that both these abnormalities share

the same genetic mechanisms.

Material and methods
Pedigrees grouping
We investigated pedigrees of women with family history of neural tube defect (NTD). We

studied cases of NTD in 326 families, being archivated at 11 departments of clinical genetics



in different regions of the Czech Republic. We searched for additional developmental defects
in families. As a control group of pedigrees served those where women had genetic
consultation indicated for i) having their pregnancies at the age of 35 and more or ii) for
occurrence of Huntington disease in the family or iii) for metabolic disease in family.
Exclusive criterion for the control group was a genetic consultation for orofacial cleft in the
family. We studied 428 control pedigrees that met this criterion. We inspected data about their
relatives to calculate incidence of OC in this group.

The study was approved by Ethics Committee of Charles University-1* Faculty of Medicine.

Statistics

Data from individual genetics departments have been processed in two ways. For basic
orientation and calculation of odds ratio (OR) we considered every family as an individual /
isolated union, and specific variable there was the simple appearance of the abnormality
(NTD, OC) in families regardless of the number of affected individuals.

For calcuations of OR, we compared the incidence of OC/NTD in families consulted because
of NTD in family history with those families indicated to consultation for other than cleft
defects (Huntigton disease, maternal age at the term etc.).

We compared our findings with population incidence of these defects published in literature.
For that purpose, we had to recount number of individuals found with defect in relation to
total number of surveyed individuals either from affected or from “control” families. For the
purpose we even considered individual relatives as independent persons; the cleft defects are
here so sporadic that we can permit this simplification.

We had at our disposal the total number of individuals in investigated pedigree in each of all
(n = 326) families with developmental defect (OC or NTD). But, in control families, we were
not able to establish precisely the total number of individuals in families. For this, the extent
of control families was estimated. Our colleagues at 11 regional clinical genetic departments
were asked to enumerate the size of pedigree in ten randomly chosen among “their” families.
Thus, we counted the weighted average from 110 families in total. The total number of

control pedigrees (n = 428) was multiplicated by this average size of pedigree.

Results
We searched for additional developmental defects in families consulted for NTD or control
families consulted for non-NTD and non-OC reasons. Among 326 NTD families we found 14

pedigrees where occurrence of NTD was combined with orofacial clefts (see Table 1 and 2).



In the control group of 428 pedigrees (without NTD case and primarily non-indicated to
consultation for OC) we found 6 families with OCs in family history, and 4 families with
NTD.

We compared results in these two groups and we found that in families with single occurrence
of NTD there is statistically higher incidence of orofacial clefts (OR 2.9, C1 95% 1.1-7.5;p =
0.027). Consistently with other studies, we confirmed the fact that the occurrence of NTD in
families where one such defect have already been known is significantly higher than in
control families without this stressfull history (OR 6.9, CI 95% 2.4-20.2; p = 0.0001). For
confirmation of source credibility we made a wider analysis of groups with regard to total

number of individuals in groups (see Table 1 and 2).

Table 1: Occurrence of OC in NTDs family and in control group

Number of Number of OC Incidence
persons persons
Occurrence of OC in 538 1 0,00186
Czech
Pedigree with OC 10269 14 0,00136
Control pedigree 10538 6 0,00057

Table 2: Occurrence of NTD in NTDs family and in control group

Number of persons| Numer of NTD Incidence
persons
Occurrence if NTD in 1188 1 0,00084
Czech
Pedigree with NTD 10269 22 0,00214
Control pedigree 10538 4 0,00038
Discussion:

Neural tube defects and cleft lip with or without cleft palate (CL/P) belong to common
congenital anomalies. The overall birth prevalence of both is between 10 and 20/10000, but
especially for CL/P the differences between populations/ethnics is well documented (being
highest for populations of Asian descents, intermediate for those of Caucasian origin, and

lowest for populations of African descent). This fact well reflects the differences in genetic



background on expression of this multifactorial disease being under polygenic control. But
individual genes are not yet identified in detail, at least in humans [1, 2, 26, 27].

Classes of genes that have been found to be associated with mouse NTDs include those
coding for transcriptional factors, cell adhesion molecules, protein with mitotic function, and
genes involved in various metabolic pathways [13].

The penetrance of such gene mutations is at a high degree depending on the genetic
background[14, 28, 29]

In our study we found statistically significant association between occurrence of NTD and
OC. The families with single NTD case have three times higher risk of occurrence of another
OC than families without this family history.

The validity of these data was analysed by relating the occurrence of defects on all individuals
in the group. From our study result that occurrence of NTD and of OC in control group (not
consulted for family history of this affections) is by half (for NTD) and as far as two-third (for
OC) lower than recently published incidence for Czech Republic.

This may reflect that in control families (not consulted for OC/NTD) the awereness of these
affect is lower because the defects are less discussed in comparison with families where the
knowledge of severe developmental defects (OC/NTD) is quite relatively recent and probably
often discussed. The reason of this discrepaency might be the fact that OC is less serious
defect which can be corrected by plastic surgery, and, moreover, cleft palate is not visible and

even close-relatives may not learn about it.
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3.4. Priloha- tabulky

Tabulka ¢.6: Hladiny plasmatického homocysteinu nala¢no- muzi

(koncentrace uvadéna v pmol/I)

| Hcy nala¢no \ N Median | 10% kvantil \ 90% kvantil
Do 35 let 42 10,10 7,41 12,80
36-50 let 110 10,25 7,20 13,70
51 let a vice 133 10,10 7,80 14,90
Celkem 285 10,10 7,34 14,10
Tabulka ¢.7:Hladiny plasmatického homocysteinu nalacno- zeny
(koncentrace uvadéna v umol/l)
| Hcy nalaéno | N Median | 10%kvantil | 90% kvantil |
Do 35 let 50 8,50 5,77 11,71
36-50 let 120 8,45 6,3 11,42
51 let a vice 136 9,60 7,05 13,85
Celkem 306 8,90 6,60 12,80
Tabulka €.8: Hladiny plasmatického homocysteinu po 6h.zatézi- muzi
(koncentrace uvadéna v pmol/I)
| Hcy po zatézi | N Medidn | 10%kvantil | 90% kvantil |
Do 35 let 42 33,45 27,64 52,38
36-50 let 110 35,35 26,30 49,14
51 let a vice 133 34,40 25,60 48,02
Celkem 285 34,60 25,94 49,34
Tabulka ¢.9: Hladiny plasmatického homocysteinu po 6h.zatézi- zeny
(koncentrace uvadéna v umol/l)
| Hecy po zatézi | N Median | 10%kvantil | 90% kvantil |
Do 35 let 50 32,55 22,47 49,84
36-50 let 120 33,00 23,38 49,86
51 let a vice 136 39,15 28,55 61,65
Celkem 306 35,90 24,75 58,00
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Tabulka ¢.10: Hladiny plasmatického cysteinu nalacno- muzi

(koncentrace uvadéna v pmol/I)

| Cys nala¢no \ N Medidn | 10% kvantil \ 90% kvantil |
Do 35 let 42 275,1 2429 322,6
36-50 let 110 304,2 266,4 339,0
51 let a vice 133 3173 271,1 363,7
Celkem 285 307,6 263,0 352,1
Tabulka ¢€.11: Hladiny plasmatického cysteinu nalacno-Zeny
(koncentrace uvadéna v umol/I)
[ Cys nalagno | N Medidn | 10%kvantil | 90% kvantil |
Do 35 let 50 262,3 2324 301,0
36-50 let 120 281,4 238,2 3193
51 let a vice 136 3114 264,6 370,4
Celkem 306 290,4 245,6 354,6
Tabulka ¢€.12: Hladiny plasmatického cysteinu po 6h zatézi- muzi
(koncentrace uvadéna v umol/I)
| Cyspozatezi | N Medidn | 10%kvantil | 90% kvantil
Do 35 let 42 264,7 226,9 288,7
36-50 let 110 289,0 255,0 3214
51 let a vice 133 302,9 253,5 355,3
Celkem 285 289,6 249,7 338,8
Tabulka ¢.13: Hladiny plasmatického cysteinu po 6h zatézi- zeny
(koncentrace uvadéna v umol/l)
| Cyspozatzi | N Median | 10%kvantil | 90% kvantil |
Do 35 let 50 234,6 199.3 273,1
36-50 let 120 259.,8 223,8 300,3
51 let a vice 136 289.3 244.4 341,8
Celkem 306 268,5 221,0 322.1
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Tabulka ¢. 14: Hladiny plasmatického cysteinylglycinu nala¢no- muzi

(koncentrace uvadéna v pmol/I)

| CGL nalatno | N Median | 10%kvantil | 90% kvantil |
Do 35 let 42 37,1 31,5 45,3
36-50 let 110 40,6 32,8 48,3
51 let a vice 133 38,9 32,3 49,8
Celkem 285 39,3 32,3 48,4
Tabulka €.15: Hladiny plasmatického cysteinylglycinu nala¢no- Zeny
(koncentrace uvadéna v pmol/I)
| CGL nalatno | N Medidn | 10%kvantil | 90% kvantil
Do 35 let 50 30,2 25,8 37,2
36-50 let 120 32,7 26,7 37,2
51 let a vice 136 343 27,7 42,6
Celkem 306 33,3 26,8 40,8
Tabulka ¢.16: Hladiny plasmatického cysteinylglycin po 6h. zatézi- muzi
(koncentrace uvadéna v umol/I)
| CGL po zatezi | N Median | 10%kvantil | 90% kvantil |
Do 35 let 42 31,25 26,45 38,00
36-50 let 110 34,00 27,90 41,21
51 let a vice 133 33,10 25,72 41,94
Celkem 285 33,00 26,4 41,3
Tabulka ¢.17: Hladiny plasmatického cysteinylglycinu po 6h. zatézi- zeny
(koncentrace uvadéna v pmol/l)
[ CGL po zatezi | N Median | 10%kvantil | 90% kvantil |
Do 35 let 50 23,35 19,27 29,31
36-50 let 120 24,80 19,70 31,63
51 let a vice 136 27,15 21,3 34,05
Celkem 306 25,40 20,40 33,10
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Tabulka ¢.18: Hladiny plasmatického glutathionu nala¢no- muzi

(koncentrace uvadéna v pmol/I)

| GSH nala¢no \ N Medidn | 10% kvantil \ 90% kvantil
Do 35 let 42 12,85 8,97 21,03
36-50 let 110 11,15 6,60 22,71
51 let a vice 133 10,10 5,30 18,04
Celkem 285 10,80 5,94 20,40
Tabulka €.19: Hladiny plasmatického glutathionu nala¢no- zeny
(koncentrace uvadéna v umol/I)
| GSH nalagno | N Medidn | 10%kvantil | 90% kvantil |
Do 35 let 50 13,10 7,07 20,91
36-50 let 120 11,80 5,80 20,47
51 let a vice 136 11,60 6,40 19,05
Celkem 306 11,70 6,35 20,30
Tabulka ¢.20: Hladiny plasmatického glutathionu po 6h. zatézi- muzi
(koncentrace uvadéna v umol/l)
| GSH po zat&zi | N Median | 10%kvantil | 90% kvantil
Do 35 let 42 12,55 7,16 20,51
36-50 let 110 10,45 5,77 20,17
51 let a vice 133 8,50 4,74 16,08
Celkem 285 9,80 5,50 19,40
Tabulka ¢.21: Hladiny plasmatického glutathionu po 6h. zatézi- zeny
(koncentrace uvadéna v pmol/l)
| GSH po zatesi N Median | 10%kvantil | 90% kvantil |
Do 35 let 50 10,55 6,72 20,04
36-50 let 120 10,25 5,29 19,39
51 let a vice 136 9,80 5,60 16,75
Celkem 306 10,10 5,50 18,55
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Tabulka ¢. 22: Koncentrace folati v plazmé muzi
(koncentrace uvedeny v nmol/l)

| N | 10%kvantil | 90% kvantil | Medidn |
Do 35 let 42 8,45 18,19 12,35
36-50 let 110 8,88 26,37 15,60
51 let a vice 133 7,74 25,34 14,00
Celkem 285 8,12 25,51 14,30
Tabulka ¢. 23: Koncentrace folati v plazmé Zeny
(koncentrace uvedeny v nmol/l)
| | N | 10%kvantil | 90%kvantii |  Median |
Do 35 let 50 8,89 18,50 13,35
36-50 let 120 9,19 22,92 14,70
51 let a vice 136 8,60 33,90 15,09
Celkem 306 8,80 25,65 14,60
Tabulka €. 24: Koncentrace folat v erytrocytech muzi
(koncentrace uvedeny v nmol/ml)
| | N | 10%kvantil | 90% kvantil | Median |
Do 35 let 42 557,1 1052,1 717,5
36-50 let 110 523,4 1155,8 795,0
51 let a vice 133 5274 1077,6 721,0
Celkem 285 527,5 1105,2 745,5
Tabulka €. 25: Koncentrace folati v erytrocytech zeny
(koncentrace uvedeny v nmol/ml)
| | N | 10%kvantil | 90%kvantil |  Median |
Do 35 let 50 470,2 1297,4 688,0
36-50 let 120 504,0 1136,1 720,5
51 let a vice 136 438,0 1195,2 742,0
Celkem 306 458,2 1199,6 720,0
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Tabulka ¢. 26: Koncentrace vitaminu B6 — muzi
(koncentrace uvedeny v pg/l)

| | N | 10%kvantil | 90% kvantil | Medidn |
Do 35 let 42 6,8 20,5 12,0
36-50 let 110 5,8 23,8 11,6
51 let a vice 133 4,2 18,7 9.0
Celkem 285 4,8 21,2 10,6
Tabulka €. 27: Koncentrace vitaminu B6 — zeny
(koncentrace uvedeny v ug/l)
| | N | 10%kvantil | 90%kvantii |  Median |
Do 35 let 50 5,5 19,4 9,6
36-50 let 120 4,8 16,9 9,1
51 let a vice 136 4,2 18,1 9,7
Celkem 306 4,5 18,2 9,3
Tabulka €. 28: Koncentrace vitaminu B12 — muzi
(koncentrace uvedeny v pmol/l)
| | N | 10%kvantil | 90% kvantil | Median |
Do 35 let 42 175,2 395,1 255,5
36-50 let 110 172,4 453.,5 285,0
51 let a vice 133 155,6 414,8 2440
Celkem 285 167,4 4273 263,5
Tabulka €. 29: Koncentrace vitaminu B12 — Zeny
(koncentrace uvedeny v pmol/l)
| | N | 10%kvantil | 90%kvantil |  Median |
Do 35 let 50 169,9 484.,3 266,5
36-50 let 120 195,0 463,1 300,6
51 let a vice 136 169,0 455,1 297,5
Celkem 306 177,5 468,6 298,1
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Tabulka ¢. 30: Vyhledavani rodin s vicecetnym vyskytem rozstépové vady

- multiplexové a kontrolni rodiny- piehled

sledované
VVV v rodiné rodiny kontroly
n=494 n=428

1x DNT 326 4
1x OR 0 6
1x GIT 169 1
DNT + DNT 27 0
DNT + OR 17 0
DNT + GIT 3 0
OR/GIT + GIT 4 0
Celkem multi rodin 51




4. SOUHRN

1/ Vypracovali jsme podrobny protokol k provedeni Sestihodinového zatéZzovému testu
s L-methioninem. Tento test je nyni snadno reprodukovatelny a miize slouzit k diagnostice

poruch metabolismu homocysteinu na jinych pracovistich.

2/ Stanovili jsme v&kove a pohlavné specifické referencnich rozmezi vybranych

aminothioll ve zdravé ceské populaci.

3/ Vyhodnotili jsme akutni nezadouci G€inky i1 dlouhodoby efekt navozené
hyperhomocysteinemie a prokéazali klinickou bezpecnost methioninového zatézového testu.
Lze shrnout, Ze methioninovy zatézovy test miize byt povazovan za bezpecnou proceduru, i

kdyz u nékterych osob vede k prechodnym zdravotnim obtizim.

4/ Sledovali jsme asociaci péti béZznych polymorfismi v riznych genech metabolismu
homocysteinu a péti pathogennich mutaci v CBS genu s rizikem ischemické choroby srdec¢ni.
Vyznamnym zjisténim je, ze ptitomnost 844ins68bp alely je protektivnim faktorem pfti vzniku
a rozvoji nemoci (OR=0.56, 95%CI1=0.35-0.90), zv1asté u lidi s nadvahou. Analyza na Grovni
metabolitil prok4zala vyznamné nizsi hladinu pozatéZovou hladinu homocysteinu S-
adenosylhomocysteinu a vyssi hladinu S-adenosylmethioninu, poméru cysteinu
k homocysteinu a poméru S-adenosylmethioninu k S-adenosylhomocysteinu oproti jedincim
bez této varianty. Tyto zmény sveéd¢i pro zvysSenou transsulfuraci homocysteinu u téchto osob.
Tyto vysledky podporuji teorii o kauzalit€¢ homocysteinu pti vzniku ischemické choroby

srde¢ni.

5/ Ovéfili jsme biochemické ucinky vitaminoterapie pfi modulaci mirné
hyperhomocysteinemie v ¢eské populaci. Lze shrnout, Ze naSe populace je srovnatelné

vnimana na 1é¢bu jako jiné populace.

6/  Sledovali jsme vliv péti béznych variant v riznych genech metabolismu folati
na koncentraci folatd v krvi. Ctyfi varianty jsou v ¢eské populaci funkéné neutralni, pouze pro
677C>T variantu v MTHFR genu jsme prokazali asociaci s niz§i koncentraci folath v plasmé

(p=0.04 pro trend).
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7/ Analyzovali jsme zmény hladin aminothiolll v pribéhu gravidity. Zjistili jsme, Ze
béhem fyziologického tehotenstvi dochdzi k statisticky vyznamnému poklesu hladin
plasmatického cysteinu mezi 20. a 30. tydnem gravidity (p <0,001). Plasmatické koncentrace
hladin vSech aminothiolll jsou vyznamné nizS§i u téhotnych Zen pii porovnani hladin s

neté¢hotnymi kontrolami

8/ Prostudovanim 922 chorobopisii jsme zjistili vyznamné vyssi vyskyt OR v rodindch s
DNT nez v kontrolnim souboru (OR 2.9, CI 95% 1.1-7.5; p = 0.027). To znamena, Ze rodiny
s anamnézou DNT v rodin€ maji 3x vyssi riziko vyskytu OR nez rodiny anamnesticky némé.
Tyto poznatky mohou mit dopad na urceni rizika vrozenych vyvojovych vad pii genetickém

poradenstvi.

9/ Pomoci vazebné analyzy jsme se snazili zjistit zda nékterd z vybranych variant

v riiznych genech souvisejicich s remethylaci homocysteinu a metabolismem folatt je
rizikovym faktorem pro rozstépové vady obliceje a defekty neurdlni trubice. Pro ucely této
studie tak bylo provedeno vice jak 10 000 analyz DNA. Vazebnou analyzou nebyla

prokdzana asociace zadného urcitého genotypu s rozstépovymi vadami OR ¢i DNT.
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